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^"Available on loan from CIA library are summaries of the foliating five Soviet 
texts: | 

a) Principles of the Study o£ jqerala and Heat. Treatment. f 170 pp, Government 

Scientific - Technical Publishing House of Machine Industry Literature, 
undated, j 

(Reviewer^ Remarks; There are a few data (mentioned in this review) 
which would probably be of some interest but, in general, the material 
presented in this book is well known to US metallurgists*) 

b) Induction Hardening . (Termitcheskaia Obrabotka Stall pri Induct alarm an 
Nagreve), by J N Kid in . 316 pp. Government Scientific - Technical 
Publishing House of ferrous and Non-ferrous Metallurgy, Moscow, 1950, 

(Reviewer f s Remarks: In the Reviewer *8 opinion this book is a valuable 
contribution to our knowledge an Induction Hardening* It covers 
thoroughly different problems involved in this process* Most of the 
( conclusions drawn by the author axe supported by results of his own 

| extensive investigations*! The author demonstrates vory well that there 

| are two main factors governing induction hardening processes. These 

I factors are: temperature and heating rate. It may be noted, however, 

that many of the photomicrographs are not distinct enough and no details 
are given as to etching reagents and magnifications used.) 

c) Metallurgy $€ Steel . Qpen Hearth Proas sp * (Metallurgiia Stall Martenovakii 
Procesfl)7K G Trubin and G, N Oyjca , 763 pp. Government Scientific Technical 
Publishing House of Ferrous and Non-Ferrous Metallurgy, Moscow, 1951* 

(Reviewer^ Remarks: Some; paragraphs of the book are too sketchy and not 
; clear enough, whereas others are unduly lengthy and contain too many 

! unnecessary details, theoretical discussions and repetitions. In general, 

U, 3. Of f I c I at o On 1 y 

I CC5NFIDENTIAL 

1 SECURITY INFORMATION 

1 | diTtrToution | STATt ] x [ > 1 NAVY ] x [air [ x |>,1 I \ st 7 V I*- I x I 

This report la for the use within the USA; of the Intelligence components of the Departments or 
Agencies indicated above. It la not to be transmitted overseas without the concurrence of the 
originating offlea through the Assistant Director of the Office of Collection and Dissemination, CIA. 


Approved For Release 2001/07/31 : CIA-RDP80-00809A0005001 70204-4 





Approved For Release 2001/07/31 : CIA-RDP80-00809A0005001 70204-4 

r 


CONFIDENT UL/iJS OFFICIAIS CNLT/SEC'JRITT INFORMATION 

■ 


25X1 A 


the material presented in this text book is fairly well known to US 
Metallurgists* Nevertheless same parts of the book selected by the reviewer 
'would probably be of 3 ame interest* It is very significant that, evidently 
for political reasons, in their discussion on crystallization of eteel.no 
mention was made by the authors of the work of Colonel N T B elaiew r the ablest 
pupil of Prof Tchemoff * In referring to his work gauveur T 11 The Metallography 
and Heat 'Treatment of Iran and Steel", Albert Sauveur, Second Edition 191 B, 
page 208) stated that f, we are indebted to Colonel Belaiew more than to any 
one else for our knowledge of the crystallization of steel", 

d) Igon-Chr o^um-^Humlnum Alloys by I I Kornilov of the Institute of General 
and Inorganic Chemistry, laboratory of the Iron Alloys. Published by Academy 
of Science, Moscow 1945- 

(fteviever f 3 Remarks: This book should be of interest to US readers, particularly 
to those ^aaroughly familiar with the subject. The book contains 51 tables 
and 154 figures. A great majority of them would require a lengthy description 
which is impossible to make in a short abstract. It is suggested, therefore, 
that the reader consult the text as indicated in the present review. It is 
considered that magnification of some photomicrographs is not adequate; it 
is not high enough far a correct interpretation of the structures discussed*) 

e) Flakes 2a Steel ( Flokeni y Stall ) , 332 pp, by V S Uoubovol . Government Scientific- 
Technical Publishing House of Ferrous and Non-Ferrous Metallurgy, Moscow, 1950. 

(Reviewer^ Remarks: This book is difficult to read because of an excessive 
number of derails which are not well coordinated. The arguments against the 
hydrogen theory (that hydrogen is the only factor responsible far the presence 
of flakes) are somewhat conflicting and not entirely convincing. However, 
seme data presented by th* author and described in thid review should be of 
interest to US reader 3 . )J i 

- end - ! 
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Book 170 pe^es, C overnment Scientific- Technical 
Publishing House of Machine Industry_Literatur« • 


The book is divided into 10 parts. It concerns 
only the iron-ccrton alloys. 

Tart. 1 - A brief outline oi physical metallurgy, pp. 6-19. 

Steel making oocesses els ssiiico tion find structure 
“A 

of steel ere briefly outlined. The iron-carbon constitutional 
diagram shown in tip* 5, p . 14 is an outdated dias-rem. This 
part is’ oi no interest to American me ts 1 lurri a ts . 

tart 2 - Principles of hea t treatment oi steel t „ pp. 20-58 , 
This pert contains common information on quenching, 
tempering, induction surface hardening, nitrifiinr, cyenidinr, 
cerboni trid inr and heat treating furnaces. 

Part 3 - Petals used in the menulecture of automotive 
par ts , pp 09-61 . 

Common knowledge . 

Pert 4 - Heat treatment ot l orpines, np 6i;-70. 

Annealing ana normal! xinr- of forrea pieces and tr.eir 
control by isrinelL hardness end me ta 1 Lo^raohi o examinations 
aro very briefly discussed. 

Part o - ; iucncninr of different articles, pp 71-B7. 

luencMnr of hub-nave (fir. 3b, p.72), camshaft (fiy.36, 
p . 74 ) , cranksheit, driving rears (fir. 47, p.B2), piston pins 
(fir. 00 , p.67) is described. 
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A general view of the assembly used for quenching rolls 
3s shown in fig#30, p.77 but no detailed description is 
riven* The quenching press for quenching rears is shown 
in x if • 49 # p • 84 . It is equipped with two pneumatic 
cylinders for the lower <: nd upper dies. The lower part 
of the press has a reservoir filled with oil. A hot rear 
with its teeth up is pieced on the lower die and the upper 
die is pushed down, so that rear is clemped between these 
dies. I; ext , the dies and rear are immersed into oil by 
means oi air pressure of the upper cylinder. The oil enters 
under pressure though the openings i;o f l and circulates between 
the goer's teeth. 

fart 6 - quench in^ irom suriace heat i ng, pages 86-96* 

Ihe hiph irequoncy induction heating and flame hardening 
are briefly outlined. It is stated that the best results in an 
induction heating practico are obtained with steels containing 
0*40 to 0 *45$ C. The hardened layer of quenched article 
consists of two zones, zone made of martensite and trvSetito- 
-roartensite and a transition zone. The depth oi the first 
zor,3 should constitute et least 7 oi the total depth of 
the hardened lfiyer. In induction hardening, the position of 
an article in the induction furnace is of p-reat importance. 

The hardened layer oi the cylindrical article should be 
concentric to its suriace and of uniform depth. To obtain 
this, an article should be placed in the furnace concentrically 



I. 
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with respect to the induction coil, otherwise one may 
expect result similar to that illustrated in i ir,51. P-**. 

i.e. oxcentric poeition a n o rife i-t y in depth o 
hardened layer, latest of a crack on hardened layer is 
demonstrated in ii^* 54, p.92. 

Part 7 - Te mpering, pp.<j7-104 

Uachanical properties of tempered steels depend upon 
the temperature, duration of temperinr opera tion! and , tor 
certain alloy steels, upon the rote o± cooiinr. j 
?i p. 61. p.101. shows the effect of tempering temperature 
on the Eockwoll hardness of steels containing 0.20, 0 .2 d and 

0 . 60 % c . 

The influence of temperature on the impact toughness is 
presented in fi*. 62, p.101. The rate of heatinr in the 
liquid media is 2 to 3 times treater than in the easeous 
mediw*. Theretore the duration of tempering in; a liquid 
medium Is smaller a* compared with a -aseous medium. For plain 
carton steels, the coolly rate of a tempered article has 
practically no effect, on its mechanical properties. For the 
alloy steels (nickel-chromium, chromium manganese, chromium 
end some other steels) the impact toughness decreases with 
a decrease of cooling rate. This relation is illustrated in 
fia-. 64, p.103 for steel containing C .3;. C, 1.47^-. Cr and 

3 , 6 c£ l:i . The tempering temperatures in °C arejplotted on 
abscissa and impact toughness kg/cm x on ordinate. 


)_ L 
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Solid lino refers to fast coolinr and broken line to 

one - I ; 

tart 8 - Carburization, PP 10^*1*^* I 

The pact and gas carburizing process end also ij 

treatment of 

i 

fvio types of 


slow 


eat 


the case hardened machine jarts are described, 
the barburizin£ compounds used in one Russian 


plant are £iven in table 5, p.llO. 
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The boxes employed for carburization Ishould be 


i ; 

[ j 

5.o“ 


so 


4 such » manner thet lor a given volume tljeir surface exposed 


for heating 


ij the maximum. They shoul 


c onstruc ted 


d be made of 


6 heat- 


resisting alloy. Hate of heating in the boxes during car burl- 


sat ion is riven in lip. 71, P*H4 


Temperature 
abscissa • 
represents 
and broken 
is reeched 
4 to o hrs, 
At the pres 
For this pu 


L in are plotted on ordinate: and time 
jolid line evidently (no explanation is piven) 
jtemperi. tures measured in the middle part 


line near its surface. The 


by the article subjected to carburization only after 

: i ■ , • ■ 


ent time, p-as carburization' finds a vjidej j application . 
rpose a mixture oi ?-ases produced from kerosene 
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by pyrolisis and cracking procsasea ia of particular use. 
Equipment used for pyrolisi3 and cracking processes is 
shown in fir. 72:72c p.117 - General view; 72b p.118 - Side 
5/iew; ?£C, p. 119 - Low part of equipment. 

In figures 73, p.122 ana 74, p.123 are shown equipment for 

purification and dryinr of rases and e muffle furnace for 
ras carburization (longitudinal section) 

part 9 - Cyanldinr of machire parts, pp. 130-148. 



Cyanldinr is used in both, low and medium carbon steels. 
Cyanidinr mixtures used in Russian plants are riven in 
table 7.1 p,132. The iirst column oi this table indicates the 
p-rado, the second, third and fourth columns - percents of 
sodium ejyanidc, sodium carbonate and sodium chloride respec ti vely . 
The mixture containing 7 6^ cyanide is considered as very practicol < 
Influence of sodium cyanide concentration on depth of 
case in mm. in 40 x steel (C, 0.25 - 0.4 5; I.!n , 0.50 - 0.80, 

Si, 0.17 - 0.27; Cr, 0.80 - 1.10>) at different *C is shown 

in fir. 81, p.123. Duration of cyanidinr was 40 minutes. 

Sodium cyanide concentration is plotted on abscissa and depth 
of case in mm. on ordinate. 

Ef|fect of temperature on case depth in mm. is presented 
in fir. ]62, p.104. Sodium cyanide concentration was 20 % and 
duration] of process 45 minutes. 

Tempera tjptres- ff c^ ere: plo ttod on abscissa and case depth on 
ordinate]. The type oi steel used in these experiments is not 
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Jientiored . It is assumed that It. was the 8e me 40 r steel. 


Effect of tempera ture end duration of heetinp- on 


depth of case in 20 x Steel ( 0, O.lo - 0.25; Uh. 0.30 - 0.50; 


Si, 0.17 - 0.27; Cr, 0.70 - 1.00) is shown in fie. 82, 


Sodium cyanide concentration wee 20 v. Duration; in min. is 
plotted ! on abscissa and case depth in mm. on ordinate. 

Same relationship but for steel 40 X (Chemical enalysiB 


Lf thi 8 i steel is given above) iB shown in fig. B4 , p.l.';3, 


iateels. investigated were 20 X. 40 X and 40. Chemical analysis 


01 steels 20 X and 40 X were already mentioned. 


Chemical analysis of steel 40 i3 as follows: | 

C. 0.30 - 45; .-.In. 0.50 - 0.60; Si. 0.17 - 0.^7; 3 max. 0.045; 


lend ? max 0.045^ . 


Pert JiO - Keat treatm ent of s p r lnr s. .d l_ecg^_erjd __ c onpl ^n||_ 


This part is of no particular interest. 


BIBIIOCRAPHY. o . 152 j 

There are i2 references, all Russian Publications. 


ArPhliPIX. up- 153-170 


There are 10 tables. In table 1 ore riven dilfermt 


types 01 steels, fhcir chemical analyses. Brinnel hardness. 


tensile strength in Ig/mm -2, end , f elonration. 


Toble 2. pp 1*>4. 155 shows difierent types oij stocl . their 


chemical analyses and brinell hardness lor both, annealed and 


un annealed steels. 
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Table 3, p.156: 


Tensile strength, elongation and 


yield point values of 6 types of the pjlein carbon steels. 

B - Chemical analysis of those steels.; | 

Table 4 - Heat treatment and chorac teristics ol the common 
structural steels. |' I 

Tables 5 to 6 inclus. - Different types of spring and 
wire steels, their chemical analysis, heat treatment, tensile 
strength and hardness. 

Table 10 - Brinell and Rockwell hardness end corresponding 
tensile strength values of some plaiifi carhop, cttromium and 
nickel-chromium steels. I I 


25X1X 


Reviewer’s remarks: j j 

There are a few data (mentioned in tljie review) which 
would probably of some interest but,! in general, the 
material presented in this book is well known to American 
metallurgis ts . y 
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Table 3, a. 156: A - Tensile strength, elongation s'nd 
yield point values of 8 types of the olein carbon steels. 

B - Chemical analysis of those steels. 

Table 4 - Heat treatment end character istics of the common 
structural steels. j ' 

Tables 5 to 8 inclus. - Different types of spring and; 
wire steels, their chemical analysis, heat treatment; tensile 
strength and hardness. j j 

Table 10 - Brinell and Bockwell hardness ana corresponding 


tensile strength values of some plain carbon, chromium f and 

: I ■ I • 

nickel~chromiura steels. ; ! 


25X1 X 


Reviewer's remarls: j 

There are e few data (mentioned in this review) which 

; j i ■ 

would probably oi some interest cut, in general, tfcle. ! 
material presented in thi3 book is well known to American 
metallurgists. ! j ' 


y : /#S3 
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I MDUCTIOIJ HARDEMIMS . ( Terml tcheak ala obrabotkal*- 

BtaljLP^L JnaactBionnom nagreve^, J.U.Kldln. book 316 pa^e aT 
^£^g£ggg£*_3clsgt iflc -Technical Publishing Houbb of garret. 
Non-Ferroaa. Metallurgy, Moscow, 1950. 

The book is divided into 10 parts. 

>.ra.nlng ot stool or tloloe. pag „ ;3 to38i 
There are three ^baeic methods of hardening 

1. Thormo-chomical treatment 

2. Surface hardening by eztornal aource of heating 

3. Surface hardening by internal source of heating. 

In the thermo-chemical treatment the surface layer of an article 
1b saturated with carbon, nitrogen, chromium or acme other elements and 
the article ia then heat treated. In this eae*. the steel article ia 
heated through and it ia very difficult to control the properties 

throughout its cross section. Cementation i to 1.5 mm. deep requires 
10-16 hre. j 

Surface hardening may be produced by the use of oxyacetylene or 

some other flame, n-f » h v_.u . . 

• - - — 1 -*- OJ.OC troxyce ( fasnogorodsky 'a 

method) . Flame hardening may bo aucceaafully applied to steel when the 

oontents of the different elemente are within the following limits: 

C. 0.30 - 0.70#; Mh. 0.60 - 1.60#; Si. 0.20 - 1.50#; Cr. 0.20 - i.. 76 # ; 

Ni, 0.30 - 3.50#; Ko, 0.15 - 0.30#. 

However, flame hardening is moetly applied to a plain carbon steel 
containing 0.45# 0. 

Surfsoe hardening of steel is sometimes carried out in molten load 





L. 
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which^being heated to 800*- 850^0, has a very high coefficient of heat 
conductivity.. 

In the electrolyte method developed by Yasnogorodsky the lead 

: M ' ! j 

plate (anode) and steel rod (cathode) are immersed into sodium chloride 
or some other electrolyte] solution. A high tension electric current 
passing through the bath forme a hydrogen envelope around steel rod. 

This envelope | iacqulckly '.heated to a high temperature (about 2000°C) 

and transfers its he&t to^ the steel rod. When the temperature at the 

I ■ I ^£3 

surface of steel rod is somewhat above the M point the power is 

! ! ; 

cut off, the hydrogen envelope disappears and the steel rod is quenched 

1 

in the electrolyte. 

A contact method (surface hardening using an internal source of 
heating) 1 b described as follows: a steel Article (cylinder) is placed 

1 ' I ' . : 

between the centers of a lathe. A small copper roller (fig. 7, p.26) 

: ! ! 

rigidly secured in the slide-rest of the machine is brought into contact 
with the steel cylinder and closes the electrical circuit of ourrent 

j | 

passing trough the steel [cylinder to the copper roller. 

When the lathe is put in operation. tho steel cylinder and roller 
start tc rotate and the copper roller is traversed automatically 
parallel to the steel cylinder. Since the bontact area between the roller 
and cylinder is very small, the current density is greatly increased 
at that pointl As soon as the heated portion of the steel cylinder 

comes out of contact witli the roller it is sprayed with a cooling liquid. 

! j ! 

With this installation the temperature of the surface layer 0.06-0.1 mm 

thick of steel cylinder was found to be about 450°C and this fcayer 

j j i 

wae not hardened. The temperature of the next layer was found to *oe 
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between Ac f and Ac^ points and this layer was not fully hardened, its 
structure being made of martensite and ferrite. The following to that 
layer was heated above the Ac point and it was fully hardened (marten- 
eitic structure) • The core of the steel cylinder remained unaffected 
by the treatment and showed its original structure. 

Bart £ - Fundamental cha racteristics of Induct ion heating, pp, 40-63 
This theoretical discussion does not seem to warrant abstraction. 

Part 3 - Phase tranof ormation in steel heated by external source 
of heat. pp. 14 - 80. 

It is well established that the formation of austenite from 
ferri te-cementltea is by a process of nucleation and growth. 

The nucleation occurs at the ferrite-oarbide grain boundary. 

The process of austenite formation mostly depends upon the structure 
of pearlite. The highest rate of transformation into austenite is 

observed for the fine lamellar pearlite. The greeter rate of heating 

/ 

tha higher is the tempera t«r« of the beginning of the pearlite-^* 
austenite transformation and the shorter is the period of this trans- 
formation. The rate of formation of austenite grains depends to a 
great extent upon the temperature# This is illustrated in fig. 35, p.7£ 
and may be seen from the following data: 

Temp. °Q 740 760 780 QOO 

Hate of formation ^ 

in mnTfr/sec. 2.26.10° 11. 10 3 51.5.10*' 61.6.10 

The rate of growth of austenite grains is inversely proportional 
to the pearlite spacing. This is illustrated in fig. 37 p.75, where 
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pearlits spacings in microns are plotted on abeeissa and rates of 
growth in mm/eaa. x 10 on ordinate, in fig. 38. p.?5, logarithms 
of rate of growth in mm/sce. are plotted (abscissa) versus temperatures 


of isothermic transformation (ordinate) for 
and trooatite (apecing O.l^). 


pearlite {spacing 0,6^ 


Tlie number of grains N per 1 m / may be determined from formula 


/V = l-oify) 


where tX. - rate of nuoleation 

3 ~ ra ^® of austenite grain growth. 

It was concluded that the gre at er__the raja _ol .hea ting , the finert 
the grains produced. 

For the same rate of heating, temperature and form of carbides, 
the process of nuoleation and growth of austenite depends to a great 
extent upon the carbon content in steel. The time necessary for 
completion of a certain definite part of process ~t - 
whore t- ia time. K - constant and C - carbon ! concentration. 


41, p.78, where time in 


ThiB relation is illustrated in fig's 40 and 

minutes is plotted on abscissas and temperatures in ‘’C on ordinates. 

Fig. 40 refers to a plain oarbon steel and F^g.41 to steel containing 
2# Cr. 

It is well known that the position of the Ac, point depends upon 
the rate of heating. Svotchnikoff and Sridneff demonstrated that 
there is a oritical rate of heating beyond which it practically has 
no effect on the Ac, point. ThiB critical rate waB found to be 
approximately 200^50^0 per mln.(4°C per sec.) The deta obtained 
by Oridneff are illustrated in fig.42, p.79, where time is plotted on 


L 
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abslesa and temperature on ordinate. It may be aeon that with 
ratea of heating of 30°, 80°, 14CT , 320~and 2000°C per min. the 
Ac f point© were respectively 735? 745? 770? 775°and 775°C* 

Part 4 - Phase transformati on in steel heated by an internal 

: 

aonree, pp. 60-11 6, 

In the diecus8ion below under "Internal Source of Heating" 

| is meant "Induction Heating". 

Induction ^eating involves a very rapid heating of an article 

: ' : 

I (steel) by Induced alternating currents to quenching temperature. 

The hardening by induction methods depends upon the electrical 
characteristics of the generator and the induction oscillator as 
well as the metallurgical charec teriBtice of the steel. 

| Some inves tigatore limited themselves to recording the electrical 
| data and time of heating. Some related surface hardness and depth 
; of hardening to the energy (KW. aeo) consumed ignoring the most 
important factor - temperature (quenching temperature). 

I' It is easy to show that quite different results than those reported 
j oy different investigators could be obtained on using other generator 
and heating outfits. It is to be borne in mind that only the portion 

,i : 

of energy absorbed by the steel article has an affect on its heating. 
Even when using the same generator but other induction oscillator 
| the heating process may be different. In refering now to other 
| factor, i.e. rate of heating it may be noted that in many cases the 
rate of an induction heating is greater below the Curie point 
' (below it iron is and above it is not, reviowor^ remark) 
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than above it* In some cases this phenomenon is more pronounced 
than in others. Therefore for the same total time of heating 
cycle one may obtain different results on account of difference 
in the rates of heating of steel articles between the Curie point 

i : : 

and the quenching temperature. This is illustrated in fig# 45, p.87, 

where time is plotted on abscissa end t<**nperature on ordinate. 

! ' 

The total time in both cases Is the same* T. is the quenching 
^ j-t -c. j a estsi biL* tff hea rth* 

temperature. Although the total time of heatingS between the Curie 

point and the (quenching temperature are different (a and V; . 

In the induction hardening as in a regular hardening process, the 

i ' . | 

heating temperature is a very important faotor. In the induction 

i i 

hardening another very important factor is the rate of heating in 

j fai? 

the phase transformation zone.i In view cf the very fadt heating^ 
temperature measurement in the induction method is extremely difficult* 
Quite satisfactory reaultB were obtained with an optical pyrometer 
with an accuracy within 10-15*0. Pig# 49, p#92 shows the 
Loainsicy # s automatic photopyrometric installation. During heating 
the photoeloc tried pyrometer i ( equipped with photocell) 3 is directed 
on specimen 1 hold by frame 2> Latch 5 connected with an electro- 
magnet supports frame 2 until the temperature of the specimen reaches 

a given temperature. At that point the generator is automatically 

j 

cut off and the specimen plunges into a cooling liquid u 

The author believes that when determining the rate of induction 

i ! 

heating it is necessary to calculate the rate of heating for zones 
located below and above the Curie point (ab. 770 a C) . Prom the phase 
transformation point of view, the second zone (above Curio point) 


300500170204-4 
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is most important. 

1 1 

Baaed on the above two factory, temperature and rate of induction 
heating, the author could determine the effect of absorbed energy j 

,i ! 

without calculation. j 

When the electric current passes through a conductor consisting 

i i 

of one phase, it's flow is uniform throughout the I - I section |i 
(Fig. 50a, p.103) and its density is determined with reference to j! 

the whole section. If the conductor consists of two phases having j 

lea 

different elootroconductivity the current flows in the direction 
shown by II - II line (same fig. 60a). In that section there are 

\ 

carbides inclusions possessing a very ^electrical resistance. ! 

The distribution of current density across section II - II may be 
schematically illustrated as is given in fig. 60b, p.103. 

It is extremely difficult to determine at which conditions and 
how the phase transformations take place in the induction hardened j j 
steels. At the present time, it is only possible to surmise this j . 
mechanism on the basis of the properties and structures observed in 

the quenched specimens. There is a belief that an increase in the J I 

i i . 

current density alon# the ferrite-carbide boundary, characteristic I ! 

I ! 

J I 

to induction heating, leads to a formation of the homogeneous solid! 
solution. However the photomicrograph presented by Martin and Wiley 
(Induction hardening of Plain Carbon Steels: A Study of the Effect of 
Tempers ture. Composition, and Prior Structure on the Hardness and 
Structure after Hardening, D.L. Martin and Florence E. Wiley, Trans. 
Amer. Soc . for Metals, Vol.34, 1945, pp. 351-396) is a 





Approved For Release 2001/07/31 : CIA-RDP80-00809A0005001 70204-4 


r r 


Approved For Release 2001/07/31 : CIA-RDP80-00809A0005001 70204-4 


- 8 - 

demonstration of heterigeneity of martensite observed in the induction 
0.8# C steel. This electron micrograph (x 9004, reproduced here 
in fig. 56* p .110 v shows the large undissolved carbide in the pearlite 
surrounding it. The heterogeneity of the cored martensite is quite 
clear in this micrograph* 

The temperature at which the rate of transformation is maximum 

is not the Ac, point hut the temperatureldesignated by the author as 

1 

the Aea point. Tho rat© of transformation or which the process 
progresses at different temperatures in the regular and induction 
heatings io illustrated in fig. 57, p.112, where the temperatures are 
plotted on ahseiaaos and the rate of transformation in # on ordinates. 
Curve 1 refers to a regular hardening and curve 2 to an Induction 
hardening. Aca - temperature at which transformation progresses with 
a maximum speed. 

Z ray examination indicates that in stoel containing 0.75# C, 
with the rate of heating 100°- 120 P C per sec.* complete solution of 
carbon is attained at approximately 920 °C which is 150° - 160^C higher 
than ACj temperature for conventional heating methods. 

-» M Jk __ ^ "\ M. 1 V A. n C° rt -..a — ~ 1 

£ Oi 1 iWO/v S* auu wo Wi. uo« WAiig awwuw » w w wvw t 

solution is reached at QOO^C* i.e. about 140^0 above the Acupoint 
with conventional rate of heating. 

Part 5 - Effect of Induction Hardening on the Structure of Steel* 
~pp ."T19-157 

In table 2. p.120 are given chemical analyses of different 

types of the plain carbon and alloy steels used in this investigation. 
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The samples employed were 10 - 12 mm. diam. and 100 - 120 mm. long. 

The effect of temperature and rate of heating on the structure and 
hardness was studied. Determination of surface hardness (Rc) was 
made on Rockwell apparatus, whereas hardness across the section (Hv) 
was measured on Vickers hardness tester with 5 kg. load. 

Fig*s 59-64, p. 122 and 123 and 66-70, pp. 123 and 124 show the 
structures of steels, types 40 and 50, for different quenching tempe- 
ratures, the rate of heating being 380°- 400° C per sec. The R 0 ckwell 
hardness Rc numbers for different quenching temperatures are shown 
in fig. 71, p .125 , where t aurora tu re is plotted on abscissa and 
hardness on ordinate. On the basis of the results above, the following 
optimum quenching temperatures were recommended by the author: 

900*- 940^0 for steel type 40; 680 c - 920^0 for steel 45; 860*- 900° C 

for steel 50 and 940°- 980°C for steel 40 x, the rate of heating in 
these oases being 380°. 400°C per sec. 

Fig’s 72-75, p.127 illustrate the structural changes of steel 
type 40 with an increase in the rate of heating, the quenching tempe- 
rature remaining constant, 960°C. 

Fig. 76, p.128 shows the structure of su_e steel but heated conven- 
tionally and quenched from 960°C. This is shown only for comparison 
since the author realizes that this temperature is unusual quenching 
temperature for the structural steel conventionally heated. 

Surface hardness (Rc) versus the rate of heating af steel 40 is 
presented in fig. 77, p.128, whero rate of heating is plotted on 
abscissa and Rc on ordinate. 


L. 
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Pig’s 79 and 79 illustrate structures of steels 40 and 50 
not completely hardened. The quenching temperature and rate of 
heating were respectively 960°C and 900° C per sec. 

This she *s that not only the auenohin^ tcmnArAturfl hnt «o roU n*P 
heating may be responeible for an uncomplete hardening. 

Pig’s 85-89, pp. 134 and 135 and 90-93, pp. 135 and 136 show 
structures of Y7 and Y1C plain carbon tocl steels abaerved for 
different quenching temperatures (725, 920, 1000, and 1200°C) and 
constant rate of heating of 380-400*0 per sec. Fig. 94, p.136 
represents the change in hardness Rc of these steels with an increase 
in quenching tomperaturo. 

In the study of the effect of the rate of heating on the 
structure and hardness of a high carbon steel, the rates of heating 
ranged from 40° to 700° C per sec., the quenching temperature being 
920° C . The structures abaerved are shown in fig’s 95-97, p.138 for 
steel Y7 and fig's 98-100, pp. 138 and 139 for steel Y10 . 

The change in the surface hardness with an increase in the rate of 
heating is presented in fig. 101, p.139. Fig. 102 shows the hardness 
penetration. curves where Hv hardness yfclotted on ordinates) wuk> 
taken on a croat; section at different distances (abscissas) from the 
surface ior *10 steel nested at different speeds, 
it may be seen that there was a small but steady increase in the 
surface hardnoss Rc with an increase of the rats of heating. 

With moderato rates of heating (85* - 210°c per sec.) not much change 
was observed in the hardness Hv along the cross section of a steel 
speoimen. However at the higher rates (410° - 700° C per sec.) there 
wae e considerable crop in hardnesa at points located only 2mm. 
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Fig's 78 and 79 illustrate structures of steels 40 and 50 
not completely hardened. The quenching temperature and rate of 
heating were respectively 960°C and 900° G per sec. 

This shows that not only the quenching temperature hut also rate of 
heating may he responsible for an uneompleto hardening. 

Fig's 85-89, pp. 134 and 135 and 90-93, pp, 135 and 136 show 
structures of Y7 and Y10 plain carbon tool steels abaerved for 
different quenohing temperatures (785, 920, 1000, and ISOO^C) and 
constant rate of heating of 380-400^0 per sec. Pig. 94, p.136 
represents the change in hardness Rc of these steels with an increase 
in quenching temperature e 

In the study of the effect of the rate of heating on the 
structure and hardness of a high carbon steel, the rates of heating 
ranged from 40° to 700° C per sec., the quenching temperature being 
9 20° C • The structures abserved are shown in fig's 95-97, p.138 for 
steel Y7 and fig's 98-100, pp . 138 and 1?9 for steel YIO . 

The change in the surface hardness with an increase in the rate of 
heating is presented in fig. 101, p.139. Fig. 102 shows the hardness 

penetration curves where Hv hardness (plotted on ordinates) was 

/ 

taken on a cross section at different distances (abscissas) from the 
surface for Y10 steel heated at different speeds, 
it may be seen that there was a small but steady increase in the 
surface hardness He with an increase of the rate of heating. 

With modorato rates of heating (86° - 210^0 per sec.) not much change 
was observed in the hardness Hv along the cross section of a steel 
specimen. However at the higher rates (410° - 700° C per sec.) there 
was a considerable crop ir; hardness at points located only 2mm. 
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below the surface. Therefore, very high rates of heating are not 
desirable for high carbon steels* 

In the investigation of chromium fIII'Jt'9 and III X 15 types), 
chromium-tungeten-manganeee ( type X«f) and chromium-silicon 
(type 9*Cj steelB, the temperatures ranged from 800° to 1300° C • 

The heating rate was 60O°C per sec. for steels III X 9 and 
III X 15 . For steels XBT and 9KC it ranged from 50*to 700° C per sec. 
The structures observed for steel III 15 are illustrated in fig’s 
103-107 pp.141 and 142. 

With an increase in temperature there is no significant change in 
the number of carbides but there is some decrease in their size. 

The matrix consists an extremely fine martensite (concealed 

martensite) . The hardness of this structure is very high, 

68-69 Ro. At a heating rate of 600*0 per see., complete solution 
of carbides is obtained only at temperature of 1040° C. 

(Reviewer's remark: Reference may be made to James P. Poynter's 
paper on "Metallurgical Characteristics of Induction - Hardened 
Stool, Trans. Amer. 3oo. for Metals, Vol.36, 1946, pp. 165-209. 

Foyntor found that the opheroidized specimens (carbide particles 
large) do not respond as readily to induction heating. His microscopic 
examination showed that all the carbide particles near the aurface 
temperature of 1900° V (1040° Ci is reached). 

At somewhat higher temperatures, the matrix consists of a fine 
needle^ martensite. With still further increase in temperature 
the martensite needles become larger and there appears a rotained 
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auotenlto. The hardness of ouch etructure is not over 61 Rc. 

The hardness - temperature relation for steels III X 16, HI X 9 
and XB|? is preaented in fig. 108. p.143. The rate of heating Is 
600* C per eoc., the temperatures are plotted ori atseissas and 
surface hardnesses Rc on ordinates • 

Fig's 109 - 113 and 114 - 116 show the effect of the rate of heating 
(ranging from 40* to 600*0 on the structure of steels III x 15 
and III x 9 quenched at 960*0. With slow heating, the structure 
of steels conaiata of a coarse martensite* In steels III X 15 
and III X 9 the needle structure ie retained until a heating rate 
of 125° per seo . is reached. 

For steels XBf! the needles are atill noticed at a heating rate of 
185*0 per sec. With a further increase in the rate of heating, 
the needles disappear and the structure consists of an extremely 
fine martensite (ooncoaled crystalline structure) and a great 
number of carbides. 

As it ie shown in fig. 117, p.147, the maximum surface hardness 
values Rc for those steels quenched from 960^0 was obtained with 
a heating rate of 600° C per sec. The transverse hardness Hv (ordinates) 
for different distances (in mm, abscissas) from the surface are 

presented in fig. 118, p.147. 

Graphs given in figis 119, 120 and 121 pp.148 and 149 
demonstrate the effect of quenching temperature, at which a complete 
hardening is secured, and the rate of induction heating on the 
aurfaco hardness Rc . The higher is the rate of heating, the 
higher ie the temperature at which full hardening results are 
secured. The induction hardening conducted with the high rates 
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of heating produces the most dispersed structure possessing the 
maximum hardness. 

In discussing the effect of initial microstructure on the 
structure of an Induction hardened steel the author considers the 
results obtained by different investigators , among them those 
reported by D.L.Martin and Florence E. Wiley in their paper mentioned 
above. 

In the 0.6% C steel, the austenitizing process proceeds at a greater 
speed if the initial structure is not coarse but fine pearlito. 

The most favorable initial structure for induction hardening is 
sorbite. With this structure, the highest surface and penetration 
hardenesses may be secured. The effect of initial structure is 
less noticeable with high quenching temperatures • 

Part 6 - Mechanical Properties of the Induction Hardened 
Steel, pp. 156-200. 

There is a general tendency to employ cylindrical specimens 
for testing mechanical properties of Induction hardened steel. 

The process of hardening was conducted in a oyllndrioal inductor 
and sprayer (Fig. 126, p.163) • The inside dlam. and height of this 
inductor ware 23 and 8 mm. respectively. 

Steels 40 and 40 x (chem. anal, see page 120} were inveetigated . 

At f ira^ the hardened through specimens were considered. Penetration 
hardness values ( tiv) of specimens representing 40jf steel are given 
in fig. 129, p.166. Hv values are plotted on ordinates and distances 
from the surface in mm. - on abscissas. 


L 
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Curve 1 - Quenching temp. 960^0 and rate of heating 270" C per sec. 

Curvo 2 - Quenching temp. 840* C and rate of heat. 155^C per sec. 

It was established that for stool 40* a through hardening of 

I : 

specimens 10 mm. diam. is secured when a quenching temperature 

of 1000° C and heating rate of 400°C per sec. are used,* The bend 

. 

tost results are presented in fig! a 120-133 Indus, pp. 167 and 

168. On the ordinates are plotted ^ultimate strength and 

proportional limit in kg/mm 

On abscissas in fig!e 130 and 132 are plotted quenching temperatures 
and in fig’s 131 and 133 - the rate of heating. Pig's 130 and 
131 refer to stool 40 and fig's 132 and 133 to steel 40Sf. 

On the basis of those results* the author believes that for steel 
40 at the 155*0 per sec. heating rate, the quenched temperature 
should be not higher than 920^0, whilst for steel 40* the quenching 


temperature should be around 1C00 C with the rate of heating of 

! o • 

1?5 C per sec. 

A study was made also on the effect of the quenching temperature 
ana rate ox heating on tho torsion toot properties (Pig’s 134-136 > 
pp. 170 and 171). In these tests the hardened trough specimens 


were used. 

There is another vdry important faotor besides quenching 
temperature and rate of heating which should be considered in the 
study of Induction hardening i.e. the depth of hardening. 

In his determination of the optimum depth of the induction hardening 

the author conductod bend, coreion and fatigue strength tests 

^3 c * C* 

where the depth of hardening was expressed as where r 3c 

is hardened area and area not hardened. 

i 


j 

i 
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t 0-2.* ‘ - : -5 ; /• • ’ > 

The hand and fatigue teat specimens (diam 10 mm.) had — ratios/^ 
c* -'c 

J // the torsion test specimens were: 0.1; 0.25; 0.5; 1.0; 1.5. 

F c 

The hardened zones of the quenched bend test specimens were of 
the following thickness^; ] JL /r* I r esirtr \ 


/ft- 

CL , * 

<0.2-5 

0,5^ ~ 1 

a, 5 O 

0*90 

i /- o o 

/* SO \ 

; j2. o o 

_A:/& 


The bend test results for steels 40 and 40x are given in fig’s 140 
and 141, p.175. The ratios are on abscissas 

and bend strength and proportional limit 

- on ordinates. 

The author states that his data indicate that the deflection 
values in the bend tests of the induction hardened specimens were 
higher as compared with specimens subjected to a conventional 
method of hardening, i.e. the induction harddning has a favorable 
effect on the plasticity of Bteel. 

The thickness of the hardened zones of the torsion test 
cpcoiuitiiio (ffioin. ttC !pmj were r 

' / / c. ^ 

Ov/O - 0,50 

o. 2$ - A 2- D 

O: 5 0 - /- 

/. oo . / o 

I A SO . | 3. GO 

The torsion test results obtains with steels 40 and 40x are shown 
in fig. 142, p .176 , where the proportional limits in !&} f S> *''**'* 
are plotted on ordinates and ^24. ratios on abscissae. 

It is evident that proportional limits Values increase until 

«£ J ratio is reached. With a further increase in this ratio 

/rc 


“z> ^7^ » f'T'W*'-*- 

o v S O 
A & 

/, 

3- / o 
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there is a decrease of those values. 

The effect o f depth of hardening on the fatigue strength 
of steel 40X is demonstrated in fig. 144, p.184, where 
are plotted on abscissae and fatigue strength in ~ 

on ordinate, it may he seen that the fatigue strength values 
increase with the depth of hardening. The author comes to 
conclusion that, in general, the induction hardening method has 
favorable effect on the fatigue strength. The impact toughnose 
versue depth of hardening are plotted in fig. 148, p,192, where 
are plotted on abscissas and impact toughness in ^ 

on ordinate, a - steel 40 and b - steel 40x. It may be seen that 
there is a considerable drop in the impact toughness when / *F L. 

changes from 0.25 to 0.5. With a further increase of this ratio 
the impact toughness values Increase somewhat. 

The following results were obtained in the comparison tests with 
the specimens subjected to a conventional method of hardening and 
the induction hardened specimens: 


MrceJt 
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Far .?L_7-. ~ In duc ti on ha r dening of CaBe Harde ned 3teel pp. 201-238 


Steele, typee 20 and 20x were 
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The carburiter used consisted of 80% coal and 20% sodium 
carbonate. The cementation procedure was as follows: Heating to 
900 - 920 C, holding for 13.5 hrs. and cooling in air. 

The structure of case hardened layer, steel 20, consisted of 
lamellar pearl! te and cementite boundaries (Fig. 151, p.205) . 


Induotlon hardening was conducted at different quenohing temperatures 


and rates of heating. Quenching temperatures ranged from 760 ^ to 
1200° C and rates of Seating were 90, 225 and 450°C per sec. 

The quenching medium was water at 20°C. 


The structures of this hardened layer after quenching are illustrated 
in fig's 162-159, pp. 207 and 208. Fig. 152 - Quench. T. 760° C and 
rate of induction heat . 90°C per sec.; fig. 153 - Quench T. 960 c C. 


rate of heat 450 per sec; fig. 154 - Qunch T. 1100° C, rate of 
heat 460*0 per seo.;_ fig. 165 - Quench T. 1200°C. rate of heat 
450 C per sec.; A fig.l67 - Quench T. 960°C, rate of heat 90°C per 
ffg*168 — Quonch T. 1100 C, rate of heat 90*0. per sec.; 
fig. 159 - Quench T. 1200*0, rate of heat 90 *C per sec. 

On the basis of his microscopic examinations, the author comes to 


conclusion that the cementite network dradually disappears with 
an Increase in quenching temperature and the greater is the rate 
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of heating the higher ia the temperature at which the network is 
completely eliminated. As temperature increases, the network 
become a thinner and appears broken in some places hut there is 
no agglomeration of the oementite particles. 

Similar tests conducted with steel 20x indicate (fig's 160, 7.61, 

162, p ,210 ) that the initial structure of the cose hardened layer 
of this steel contains large carti-ie particles which are very stable 
and cannot be eliminated even at very high temperatures . 

This structure is considered as undesirablo for the induction 
hardening process. 

Fig. 163, p.211 shows the surface hardness Rc versus quenching 
temperature relation at different heatlnh rates for the case 
hardened steel, type 20x. It may be noticed that the maximum 
hardness (Rockwell C, 66) was obtained with quenching temp, about 
880°C and rate of induction heating V - 450'° C per sec. 

The transverse hardness values Hv of the case hardened layer 
of steel 20 for different quench, temp, and rates of Induction 
heating are plotted (ordinates) on fig’s 164-166. 

Fig. 164, p.213, quench, temp. 760° C; fig. 165, p.214, temp. 840 C; 
fig, 166, p.216, temp. 960^0. The changes in the transverse 
hardness at different quonching temperatures are given in fig’s 167 
and 168, p.216. Fig. 167 - the rate of induction heating was 
90°por eec • Fig. 168 - this rate was 450^0 per sec. 

In the static transverse etrongth (bend) tests the best 
results were obtained for the cose hardened steels 20 and 20x 
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with quanch . temp. 960 C and rate of heat. 200*0 per Bee. 
(fig’s 177 and 178, p.228). 


The highest impact toughness values (fig’s 179 and 180, 

pp. 230 a:id 231) were observed for the ease hardened steels 

j 

20 and 20x at quench, temp. 960° C and rate induction heat. 
400° C per eec • 


The fatigue test results of the case hardened steel 20 are 
presented in table 13, p.236» where the second column shows the 
rate of induction heating | c C per sec.; The third - quenching 
temp. °C; the fourth - surface hardness He; the fifth - fati^uo 


strength 

cycles) 


(; u / J* d 

t 


(on the basis of 5 millions 


*4 \ 

Bart 8 - Temperi ng^Indu ction^ Hardened Stea l, pp. 239-261 

The effeot of tempering on structure and mechanical properties 
of structural steel was studied by X.A.Malieheff and V .A. Pavlov • 
Chemical analyses of these steels arc ^iven in table 14, p. 240. 

The ooncluelon was drawn that the maximum effect of tempering on 






— — — *-o 


of 160°£per aeo . 

The effeot of tempering on the induction hardened tool 
stools was investigated by the author (steels 92CC and X B P , p.120 ) • 
The martensitio structure extending throughout an entire cross 
section of specimens was observed ax a rate of heating of 50°C per 
eeo. and quench T. 920°C;| rate of heat, 100°C per sec., quench 
T. 960°C, rate of heat 150°C, quench T 1000°C; rate of hoat, 2O0 o C, 
quonoh T. 1040°0. The cooling medium was water at 25° - 30°C. 

The tempering temp, ranged from 150° to 500°C. The holding time 
at those temperatures was 1.5 hrs. The quenched and tempered 
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apecimens were subjected to the Charpy impact and Rockwell 
hardness teats. Results obtained are presented in fig's 189 
(steel XBT) and 190 (steel 9x0. p.246. Graph. 1 - Rate of 
heat 50°C per sec., queeh. T. 920° 0; graph. 2 - Rate of heat 
100'C par sec, quench. T. 960*0; 3 - Rate of hoat 160 *0 per aec., 
quenoh T, 1000 C, 4 - 200” C per seo., quench T. 1040° C. 

Tempering temperatures are plotted on abscissae^ Impaot values 
kg /cm “ and Rc are plotted on ordinates. The graphs not indicated 
by numbers (fig. 169) refer to the impact test values obtained 
for the same 2BF steel but hardened by conventional methods. 

It may be noticed that with an increase of tempering temperature 
there is a decrease in hardness. The impact values increase 
(until T. 200 C is reached), then they decrease, the 
lowest values being observed at 300°C. 

With a further raise of tempering temperature, there is a 
steady and considerable increase of impact values. 

It is noteworthy that the greater are the rate of an Induction 
heating ana quenching temperatures, the higher are the Impact 
values of tempered steels. The author believes that the greater 
pTO these factors (rate of heating and quench, temp.) the larger 
is the amount of residual austenite. 

The impact values (kg/om"') versus Rockwell hardness Be 
for the induction hardened and tempered steel IBf are presented 
In fig. 191, p .250 . Graph No.l Rate of heat. 50°C per sec. and 
quench. T. 920°C, No. 2 - Rato of heat 100°C, quench. T. 960°C; 

No. 3 - Rate of heat. 200°C and quench. T. lOdO^C. Grcph not 
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numbered ref ora to the conventionally hardened specimens » 

! 1 ■ 

It may be aeon that for the same impact values the induction 
hardened and tompored specimens possessed greater hardness as 
compared with those hardened by a conventional method. j 
Advantages of induction heating for tempering are also discussed. 

Tart 9 * Induction Normalizing* pp» S6 2 - 279. 

An effect of the rate of induction heating and normalizing 

temperature was studied by tlie author on structural steel I 

, ■ ll- 

Ho.45 (Chera. anal, see p.120) . 

In fig. 204, p.266 Is shown a horizontal inductor fori 

heating cylindrical billets. j| 

tensile test specimen used in these tests is given in 
fig. 205, p.267, where a - specimen prepared for induction 'j 
heating (diam. at the middle 12 mm) and b - specimen machined 
after heating, d ~10 mm). j! 

The ratea of Induction heating used were 50°, 100* 150 i| 
200°and 250° C per sec. The normalizing temperatures ranged from 

o _o 

SCO to 10 oG 0 • 

The structure o f the furnace-normalized specimens is illustrated 
in fig. 206 p.269 while the structures of specimens normalized 
by induction heating are presented on fig's 207 - 211, pp.269 

and 270 . | j 

Pig. 207 Rate of heat 150° C per sec. T. 960 C; Fig. 208 - Rate 
of heat 150“C. T. 1040; Fig. 209 - Rate of heat 50 s C, T. 880° 0; 
Pig. 210 - Rate of heat 250° C, T. 1000 C; Pig. 211 - Rate of 
heat 250* C, T. loeo^c. 
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It was concluded tht-t different rates of induction heating 

a 

a normalizing temperature higher than 1000 C is undesirable* 

With a heating rate of £50 C per sec* and normalizing temperature 

o 

1080 C all free ferrite forme a network around the grains of 
pearlite . 

On the basis of hie metallographic and hardnese examination 
the author believes that in an induction normalizing, the moot 
satisfactory results may be obtained at temperatures somewhat 
higher than thoso used in the furnace -normalizing process * 

The effect of the heating rate and normalizing temperature on 
the tensile strength teat properties is illustrated in fig's 213 
(yield point and tensile etcenght) , 214 (elongation) and 
215 (reduction of area) , p. 273. The rate of heating is plotted 
on abscissa and normalizing temperature is indicated on curves. 
The mOBt satisfatory results were obtained with normalizing 

Cf c> G 

temperature 920 - 960 C and the rate of heating 150 per sec. 

Part 10 - ^ Technologic advantages of the induction hardening^ 

process and a doptio nabili ty to it ixi the industrial conditions* 

pp. 280 -> 312* This part does not seem be of interest to 
the American Metallurgists. 

Bibliogra phy, pp* 3 13-316L 

There are 81 references, including 7 references to 


foreign authors 


r 
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Reviewer "a remarks: 

jin the Reviewer^ opinion this book is a valuable 
contribution to our knowledge on Induction Hardening* 

It covers thoroughly different problems involved in this 
process* Most of the conclusions drawn by the author are 
supported by results of hie own extensive investigations. 
The author demonstrates very well that there are two main 


factors governing 
are : | temperature 


Induction hardening processes. These factors 
and heating rate* 


It may be noted, however, that many of the pho cornier ograpb,s , 

. j ; | . ; 

are not distinct enough and no details are given as to igf 

reagents and magnifications used* 
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IIHTALLURGY OH i STLhL* Open Hearth Prooeaa . ( Me tallur.^i ia otuli 
Martenovskii Process) , 11, 0. Trubin and r ', .II . Oyks, Book 
?G;3 pfcjT-es, Government Scientific Technical Publishing 
Hotiae of Ferrous and Non-Ferrous Metallurgy, Moscow, I95x * 

This book is divided Into £6 parts. It is recommended 
as a College Text Book. 

Introduction pp. 13-S6. The historical development 
of, Ferrous Metallu rery in Hussiu is described. Fie*. 1, p.£0 
showing the progress of production of steel and cast iron is 
probably oi interest. ? to due lion is e*iven in thousands of 
tonsT e - steel, 1 - cast irnr. 

Part X. General Prin c iples ol *he open-hearth 
Production, op 2 c j-77 

! ?i^. 3, p.4f> illustrates the mechanism of oxyp-en 

transier from the gaseous iurnnee atmosphere to the molten 
metal by means oi sla^. 

The top zone is pezeous atmosphei*e, r.h.t middle (shaded) 
zone is slag and the bottom zone is molten metal. 


Trie pj-ixici pul tiuuoi ci in* oi oin. i o To 0 which is oxydizec 
into Ke ^ 0^ and is alv.ays present in the open-hearth sic e- . 
It is very probable that oxyp-en is dissolved in the metal 
in the iorrr. oi Fe 0 and not in its gaseous form. 

Therefore the oxydntion by caseous oxyeen in the open hearth 
process takes place only during the meltine* period, 
it also occurs to some extent during the vigorous boil ire* 



L 
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of t.he melt when drops of liquid metal are thrown through 
the ala/? layer into the furnace atmosphere. 

Fe 0 plays a very important role during the refining of The melt. 
'Tempera ture condition in different locations of 'he hath, 
oxygen consumption, oxydation one reduction of iron, silicon, 
manganese, and phosphorus as well as oxyrtetion of carton are 
discussed (pp. 4^-74, lip's 5-7 Indus.) 

Burin? boiling, the tempore ture of the hath is fairly uniform 

p o 

The temperature of the slap' is 1 to 47 C. higher than that 

or the molten metal* The tapping temperature depends upon 

the chemical composition of the metel. For low carbon steel 

o 

it is usually about 1600 C. The total normal oxygen consumption 
is d . 5,-.’ to 3 . ii;l of the weight of chom. 

67/3 of this eniount is consumed for melting* and 23% during the 
boilin? period* Studies of ihe equilibrium of G - 0 system 
at different pressures were carried out in different foreign 
ichors tor i es . A summary of these results is presented in 
fi”-. 0, p.75. Carton percentages are plotted on abscissa end 

Oxygen on ordinate. Jlerk • reiers to pressure of 1 atm., 
mark 0-5 atm., 0-10 atm, ® - 30 atm. 

It is known that equilibrium condition is character i zed 
ly t\ const pr.c.y oi i'rc product / '*®* 

[ 0/ °Cj [ a /°Oj ~ iru , where hM 0.0025 ct 

1560^ - 1 030° C arid with low cert on concentrations. 

Cj % Je o] ~ yyi, w1<*^ M * o.on 2 . *'+ {6o°*C 
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Similar experiments were conducted by diiierent Russian 

investifte tors under the open-hearth, melting conditions. 

In fig. 9, p.76 one may see the difference between the 

results obtained under equilibrium (solid: line) end actual 

(shaded area) open-hearth melting conditions. 

I ■p c} [,-j o) versus pC relation at |l atrn. pressure is 

presented in fig. 10, p.77, where A - experimental data obtained 

at equilibrium condition and B - average lvalues obtained under 

actual open-hearth moltinm condi tions . I ^ * 

i C^rrt^Z^H^T 

It may be seen that product £ £yO] is not exactly yoneuibbeiirt 

j 

but increeseQ with an increase in the carbon concentration, 
it follows, therefore, that no equilibrium of the carbon-oxygen 
reaction is attained in the cpen-hearth process end there is 
usually an excess of dissolved oxygen present in the hctth. 

The dependence of the value m upon the calrbon concentration 

j 

in the bctth. has bo satisfactory explanation thus far. 

The theory advanced by American authors on the change of the 
oxygen's activity coefficient as a function of the carbon 
concentration r.n^s not yet. have sufficient, proof. 

PART a - ItAThRlALS USiRD II! Vri. OPAi; -Hi . ARTH PRODUCTION , 

pp . 7 6 - I(3£ 

Different refractory and insulating materials, fluxes, 
ferro-alloys, pig irons, iron and steel scrap are described. 


eg 
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PAHT 3 - TYFFS AI'D P F. OPFHTIi.S C‘F FULL ; pp. 1C a 

Common knowledge. 


- 109 


PART 4 - OPPH-HKABTH SLAGS, pp. Ill - 131 

j-rent progress hee been mede during recent years in the 
study of the mineralos-y of the open-hearth sla?s . It was shown 
that they consists of numerous different chemical compounds. 

The most important compounds (silicates, phosphates, aluminates, 
ferrites) ere tabulated at the bottom of pame 115. Acid, basic 
end amphoteric slap- components are riren in table 25, p.lll. 
Constituent diagram of system oi 0^ - FeO - Kn 0 is presented 
in fis-. 16; • for system Fe 0 - CaC - 310,, - fip-.iy, p .n 3 

and for system %. Cr> O . 5-1 b . 2 Fe Q . S', 0 - 

Cb portion oi diap-ram Fc O - Cs, 0 - 5 / -p>'£- 2- 0 ■> //</ ( 

For fluidity testing of slams, the straight flow channel 
apparatus is usually employed. For testing aoid siep-a the 
diameter of the flow channel was increased by A .D .Iranarov 
to ^ mm. 

According to the authors the sDiral tvn« nt finuitu 

- — -C o •'“O 

developed by V .Grousin tnd K. I.'. Ivanov, shown in fip. 25, p-121 
is superior to the Herty's apparatus. For fluidity measurement 
this apparatus is placed into the furnace through the charpinp 
d0 ° r * o/ Th c ,, r o leti0n fcetwoen fluidity and basic property 
C °/o _SA 7\ •+■ V„ P>±c s ') 01 sla ? la demonstrated in fip-.2o, p.122. 


°/cS^Cx. ■+■ V. 

The slap's fluidity decreases wi lh an increase of it's basic 
property . 
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PART 5 - T)RPnO3PK0RI”ATI'^r. OP 152 - 1QQ 

The constitutional diagram Fe-P cannot ^et^considered 
as well established. In studying different phenomena which 
take place in the molten both it is usually considered that 

Fe^ c>( 15. 6 % P) 

phosphorus is present in the form of 3 1 

or ae elementary P. 

The method of phosphorus removal from the melt consists of 
1 . oxydation according to reactions: - -7 

2 [P3 «■ 5 °0;=t (P*. Os ) + S L^J oa 


** * 11 C 


Te \ . 


end 2. formation in the slag of a chemically stable 
compound with Pk & 5 in order to avoid the 

reverse reaction. Free T^s. @,5" cannot exist in slog for 
it is unstable at high temperatures. It is now well established 

/» (j 

thet the principal role in de phosphor i zation is played by l ~<*' ' 

providing that in the slag CaO i a in proper proportion with ?e 0. 
The index of ue»1 Ofliihovlze lion is expressed by some 

I 71 


outhors as 


P f> 0£ Pc O 


The experimental data show that there is a straight - line 
relation between this index and Ce 0 concentration in slag, 
see f ip . 42 , p • 143 . 

The present cuthors believe the t no definite conclusions 
oan be drawn so ier from numerous investigations conducted by 
different workers. 


L_ L 
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r Ai;T 6 - DZ 3 " L PI' UH I 7 A T op lol - 104 

Julphur is dissolved in iron in the lorrn of Fe S, the melting 

o 

point of which is 11V3 C. In slag, sulphur may te present 
in the form oi various sulphides Fe 3,* tin 3, Ca 3 Ks^3, 

3, 3i 3, Si 3^, Al^S^ Hi 3* Co 3, ’AS f l'o 3^ etc. The most 
important are F© S, Lin 3 end Ca 3. 

In the process of desulphurization, the sulphides' solubility 
is an important factor. In acid sls^s this solubility ie very 
small, whilst In basic slaps it increases with an increase of 
the basic property of slap. 

Considerable desulphurization takes place in the open-hearth 
process when thei e is present 2*’- L'n or fnore . It is considered 
that the desulphur i ra tion mechanism in the open hearth melts 
consist of ^ l) diffusion of sul chides from the metal to slap 

ijeSj -^(Fe SI 

and ( 2 ) reaction in the ale^-zone when CcO is present: 

Pe5-^r^0 ^ do. 5 +Fe O 
F<? £, -r ttu iOt; mu S -t-Te O 

Homogeneous reactions advance in the slag with ^reat speed* 
whereas dillusion proceeds at a slower rate. h decisive fact ur 
01 desulphurization is the basic property of slam, air excess of 
free Ca 0 being favorable i or homogeneous reaction 

5 O ft O >> QCk 3 Fc O 


_ (Tc i j °2. 

7 TaTy^' 0 ) 




fei ^ 


Cr- o 
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FA FF 6 j ;;AV1 ^11 1 op 131 - 134 

Juilphur 1 b dissolved in iron in the form of ?e 3, the melting 

1 ' o 

point oil which is 11^2 C. In sla?, sulphur may be present 

in the form oi various sulphides Fe 3,‘ Lin 2, Ca 3 Ns 3 , 

1 

1% 3i !S, Si 3^, Al^o^ IJi 3 . Co 3, WS,l'o 3^ etc. The most 
important are Fe 5, Lin 3 and Ca 3. 

In the process oi desulphurization, the sulphides’ solubility 
is an important factor. in acid slaps this solubility is very 
small, whilst lo basic slaps it increases with an increase oi 
the basic property of slap-. 

I 

Considerable desulphurization takes place in the open-hearth 

j 

process when t Lex* Is present 2"~ L'n or more. It is considered 
that the desulphur i r.a t ion mechanism in ih rt open hearth melts 
consist of (l) diffusion oi sulohides from the metal to slem 

jijFeSj -*(Fe S ) 

anc ( 2 ) reaction in the elap-zone when CcO is present: 

jfeS •+ Ccv. 0 “> CL ol S + Fe O 
pe s> -v ntuO /r//i $ -^-T^ 0 

Pono^eneouB reactions advance in the slap- with preat speed, 
whereas diffusion proceeds at a slower rate. a decisive lector 


oi cl eculp* ujlU za t ion la the basic property of sla^-, an excess oi 
free Ca O bejin*- favorable for homogeneous reaction 

* 7 5 -h Ca O > C £<■ Fc O 




r 
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Tike complete transformation of soluble in the metal ?e S into 
practically insoluble Gs3, i.e. an approach of concentration 
(jFe S) to zero requiree the maximum concentration in the sis? 
cf Ca 0 ana minimum of Fe 0. 

Ihxs consideration exoleins the fact that e hi ah decree of 

desulphurization is easily obtained in the blast end electric 
furnaces . 

fe $ + Ca O C ■=■ fe + c O -h C&- $ ( \ 

Fe S + Ca CifZfe o ~Ccl5 ■+ 3 ^ 

Tio 1 JcSLcef 

Z^T.,7 - VAaiAi-hTS T?L7H l,l>y,A0TICK Oh' TKr. P i3 IC OPbl'-Fr AHl’v PROCESS 


jZ 



pp 165 - 

The most important vsrio-tr -.re the scrap and scrap-ore 
pyocesses. in scrap process, the- charge may consist of steel 
scrap, of steel scrap and solid pi? iron or steel scrap and 
liquid iron. It is now considered that it is leasible to use 
choree moot of steel scrap only. The carbon is added in form 
oi graphite, coal, col:?, wood etc. 

;-;ince steel scrap is not readily fusible it requires c longer time 
toj melt. However the meltinr period may be shortened by an 
introduction into furnace 01 ••’•aseous oxygen. 

Other verier, ts oi the scrap process, i.e. scrap-solid pi*., 
iron as well as sera p-li..uid iron are also described at length. 

! ; Tn lh * scrap-oi'e process the charge is made oi ore, scrap 
anj? molten iron. *or -xr-.nl., at one of th- Hussisn plants 
(kpusnetskii plant) the charge -.as made into their 300 tons 
open-hearth lurr.;.«e in t follow, in* order: 

1 r ore; “ limestone; ;; - ore, balance; 4 - scrap, small 

pieces; f> - scrap, iaj.-e nieces- r . 

• 0 mol.en iron. 


I Approl 
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The molten iron is added alter the solid portion of the charge 
is well preheated for 1 } to 2 hrs. 


It is nee eoSwry to ’nave strict control of durinp 1 


melting. An example of the chemical composition of slag- 
in two Russian plants { A and B ) is riven in table 42, p.201. 

The figures shown in the first line for plant /_ refer to the 
slag taken during the first period of melting, whilst those in 
the second line relate to the final period. 

The basic property of such slag is approximately determined as 

4 0 


S-t' O- 


=~ — hi- 


PART 8 - ACID OBUI-KLARTH RHOCkSS pp. 225-252 


in tl:e acid process, the bottom of an open-hearth furnace 
is made of the refractory materials possessing acid properties, 
ror example, the following method was adopted in one russier: plant: 
the bottom of their furnace is made of silica bricks fdinas, 
covered by a layer of .usrts ( ^ 7 • ^ O ^ / 0 * 2-/L ?o O ^ ' 

A x v v. o 3 ) o.o2 */* Ca O’ o . / v % o ) y 

pui o nutii x*i ver smiu {no l Less than vo - yot 31 C >2 ) and also 

crushed slag taken from acid open-hearth furnace. 

There are two variants of the acid process: 

1 • Silicon reducing or passive and 2. or limited silicon 
reduction, or active nrocesses . 

There ere two conditions at which the reduction of silicon 
takes place: 1. Hijrh temperature and 2. presence of weakly acid 
slag. 
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The fluidity — 3i Q ^ c oncen tra tion relation for ecid 
slags is demonstrated in fi p- . 61, p.£33. Line H represents 

data obtained during the first three hours since be^innin^ of 
boiling and line M refers to the second period of boilin? . 

In both cases, the slags fluidity increases with a decrease of 
Si 0„ concentration. 

it is well established now that gases dissolved in metals 

produce a great ©fleet on their properties. The effect of hydrogen 

dissolved in steel is of particular importance. 

Slag should play a very important role in the process of gas 

saturetioix^ A*n steel. This problem is still not fully investigated* 

In this connection, the data obtained by favoyiskiy are of interest. 

According to him, the amount of hydrogen dissolved in slag {in 

the acid open-hearth process) depends upon ratio Itn 0 : Pe 0 

(in the slag). Fig. 64, p.^41 presents Yavoyskiy’s data on the 

amount of hydrop-en in the bath (medium carbon steel) in the silicon 

</%// O 

reduction process as related to the ratio in the slar 

T& O 

t’ark refers to the test samples taken before deoxidation 

and O after deoxidation. 

PART - ThOX IDATIOU , pp. ^53 - 

As it may be seen in the Fe-0 constitutional diagram, oxygon 
is soluble in the liquid as weli as in solid iron. 

Oxygen solubility in molten iron is shown in fig. 71, p.£54. 

It increases with an increase of temperature. it is most probable 
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thet oxygen dissolve^ in the liquid iron in the tone ol p e O. 
There are three methods oi deoxydetion: 1. Residue method, 

diffusion method, end 3. Deoxidation by synthetic slags. 

In the residue process oxygen is removed from the liquid 
steel in the form oi oxides oi the element used lor deoxidation 
'These oxides float into the slag tone. In General, the process 
may be expressed by the following reaction: 

[TeoJ tfMeJ ^ ["Me-Ol 


| The 
Ke d 
i The 


direction oi the ciove repotions should be to 
eeignates an element used as the d eoxyda t i on 
equilibrium constant, of this reaction is 


k = r rc ^jX Me 3 

[F*l C m<l 

Ife d] = 


a — ** '( 



<5 


the 

ppent 


r i irh t . 


j a : t ic Obviou “ thbt the lurger the concentration oi (He), the 

I Sasller " 11X lh * oi /F^O] remaining in 

the me tf\l . 

j Deoxidation by manganese, silicon, aluminum, titanium, zirconium 
| and boron are described . The most potent deoxidiaer is aluminum 
| According to thermodynamics the deoxidation ability oi boron 


| 

I 
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is higher than the.l. oi silicon, vanadium find titoniu,... 

In practice, the complex deoxidizers are widely nsec. 

The most common complex deoxidizers are ailicon-tnanrar.ese end 
eluminum-manp'bnese-eilicon alloys . 


Diffusion method. 


soluble in the me tel ardf slo? • 


A decreese of ?e 0 cone en tret ion in sle? promotes its diffusion 
from metal to sit* until equilibrium condition. for a riven 


temperature, is established 


C7c o] 

T-zO (fc. o) 


- (Z-C'iC 


T n .-ren era 1, t r A pr occad ox a ill us ion n e oxid e ti on nicy ce 


expressed es follows: 


"> iTe o ) (u o) + 


in practice, the reduction oi iron oxides in the sla£ 
is accomplished by an addition oi deoxidizing mixtures (powders) 
containing charcoal, coke or p-rsphite and ferrosilicon . 

D eoxidation by synthetic slars . 1'any attempts were made 
to dexidlze steel by synthetic slnrs. The constitutional die rrarr.s 
oi various oxides systems were studied and after many years of 
research work the excellent results were obtained. The formulas 
of synthetic slurs which can be used lor deoxidation « nd dephospho- 
rize ti on were developed. The i Oi lowin' alt* composition is 


recommended lor deoxi dr 1 1 on : 



p n ■ /,?/, CclQ -y 7., /77//0 1 /O'/o/fa x o. 


6 07° 5/'A> • iS'7 AVIA ' }Oz* 7cc 

y 0 Vo S: ~ L - a ® 


L L 
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To secure the maximum metal-slag contact area f the metel is poured 
from a proat height (up to u met.) an d with a n’-at velocity 
into the ladle containing the synthetic sla<>. It is of oerticul&r 
importance to have slap's containing s very smell amount of 
X ( O +> Tn 0 )„ An example of such slap- is p-iven as follows: 

' G 5* Ca o ; / 3 % so #2. ; i % 4 ^ ^ % a ^°; 

l % f e O ) 0. XO % Din D ; <3,/0 % P x Or- i^k, -fa- / % c*n . 

PART IQ - ALLOf TI.’Gr A 3 . r D ALLOY KLITJlI.'TS pp« £86 - 300 

In table 60, p . a86 diiierent elements are arranged 
according their solubility in pure iron at the temperatures 
employed in the steel melting processes. In the first column 
of this table are metals which are completely soluble in the 
liquid iron. In the second column are those which are partly 
soluble. In the third columns - metals, practically insoluble. 

In the fourth coJumn are partly soluble non-metallic elements, 
end dn^ifce.'.f if fch- column , aie metallic elements which are in the 
gaseous state at the steel molting temper-., lures . Their solubility 
is unknown, rot all of the elements listed in the table find 
their application in steel production. A n other hand, some 
elements, like "r, !!fc and T?-, were not included because no complete 
date on their behavior in solution are uvn liable. Thermodynamic 
relation between activity of various elements in solution and 
their free energy is discussed. 


L- bp 
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RESIDUE UETHOD ACT . ,rrn^ 

THF_COimiTIOlj Qv BATH AT THh TOT OF D EOXIDATION pp 301-306 
This part is of no particular interest. 


— T la - a*-giraw.i:T Of High- PHo sikoaua thows po 

Refinement of irons containing 0.3 to 1. 4 *P is considered 
unprofitable. It becomes profitable only with higher P concentra- 
tions on account of the by-product; formed . i.e. sla g containing 
more than 14* Py> r . The process ieiusually divided into two 
peliods and is conducted in two open-hearth furnaces, m the first 
period a necessary emount of ore and limestone is added to the 
solid or liquid charge ot the hi*h-phosphorous iron and phosphorus 

rich slap- is collected, Tp^ mr*lt Drontv-4n • . , . 

prjaucea in tns iurnnc« contnins 

approximately 1.7" O. 0. 2 * T,n . 0. 2 - o.a* and traces of silicon. 
The final refinement is then carried out in the second furnace. 

At first, ore and limeston are churned into this furnace and 

heated until they ere iused , T ie v t ^ 

: ^ e rcol Lcri^ la poured there 

from the first. nu . . . 

..,-c procedure is schematically 

illustrated in fi ? . 66. p.30*. On this sketch are whown two 

furnaces which may be used in the lirst period of the process 

and one furnace used lor the final refinement (second period,. 

It was found however too difficult to synchronise the work in two 

furnaces ( 1st and 2nd period furnaces) and in practice the 

process was modified. Four variants of the process are described. 
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PART 13 


CKBOI'IUIu REMOVAL "KOr THE CHKOriUI.! C^liTAnriTJO CHARGES 4 


In the open-hearth chromium removal process, chromium is 
oxidised and the o?dde8 are removed with the sla^ during the 
first period of melting. 

Properties Gf the basic chromium-bear ing slt?s, conditions of 

chromium reduction from slees are described. i 

i 

A silicon content oi greater than 0.2$ Si in the metal 
strongly resists transfer of the chromium into the slag. 

This is illustrated in fig. p.326, where the distribution 

C j 

coefiicientB [est. ^ are P lottG<i as ordinateB and silicon 

Wt. percents in the melt fsij alon* the abscissas# ! 

A similar relationship is observed for manganese. Fig. 101, 

( CnS) 1 

p;..327 shows £Cr £ ( in the metal) relation for 

different /Uansrenese contents in the ala* (Mn) , 

(C/LJ ' 1 

Distribution coefficients aj are plotted on ordinates 

and manganese percents in molten metal on abscissas. The top 
figures indicate the manganese content in the sle=-. j 


PART 14 - PRODUCTION CF KIEK-TEST AND EPHCfAh 3TEEL3 , pp. 353-364 


Production of nickel-chromium, chromium-molybdenum* 
high-manganese ( 14^ tin) and automotive steels are discussed. 

In table 64, p.362 the approximate compositions of automotive 
steels used in different countries are p-iven. In the i^rat column, 

i 

i 

names of countries are listed in the lollo’winjr order: U.3.3.R* 

j 

England and Germany. j 


^A| 
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PAST 15 - COKBIMatiok SThKL IdhLTIIjS PROCESSES. PD.36fi.agn 
The following duplex processes are briefly described: 
Bessemer acid - basic open hearth, Thomas - basic open hearth, 

active mixer, basic - acid open hearth and oupola - open hearth 
processes . 

The construction of sn active mixer (refiner) is that of 
a rocking- large open hearth furnace. its capacity is ?00 to 
500 tons and the depth of bath is 1 to a meters. 

PAST 16 - CAST IN'? "F STiCEL. do. 303-461 

Different details related to casting of steel are 
illustrated in lip-’s 111-138. 

Steel ingot molds are usually made of cast iron, but 
sometimes they are made of steel. The average life of cast iron 
molds is 60 to 100 heats for ref-alar ateel and still less for 
high test steels . The most suitable material ior ingot molds 
is cast iron, Lhe structure of which consists of a near 1 1 t-to- 
ferritio matrix and a small amount of fine graphite. 

The presence of free carbide is not permissible. For small 
molds iron containing 10 to 15% ferrite is recommended and for 
large molds 20 -60% ferrite. 

j.he following composition was recommended by !. T .I.’.Blinoff : 

C, 3.3 - 4.0%; Si, 1.0 - 2.2%; tin . 0 .8 - 1.0%; P. 0.1 - 0.25%; 
S < 0.1% 
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It is also recommended that east Iron be melted In a cupola. 
"Olds of a hi "her durability may be produced of cast iron to 
which O.SjScr. a small amount 10.8*) oi titanium and molybdenum 
are added. Addition of chromium increases stability of iron 
carbides during heating and prevents the cast iron growth 

at oOO - 600 C. Uickel addition increases the resistance to 
growth. 

Different types of ing-ot-molds ere shown in fi*. s 139 and 
140, pp. 441 and 443. 


PAkT 17 - PQUBIH3 ERACTICil . np 462 - 47a 

This pert is oi no particular interest. 


PAR T — I . , . rlPfc FOBi.IATIOi) ADD All 11 . Li;sOUI,'DKi.ss PKkVklppioiJ 

_KhTH0DS pp. 4 73 - 469 

The principal methods to prevent unsoundness in steel 
in ? ots are mechanical and thermal methods. Mechanical arran.emen 
of compression is illustrated on the sketch, fi*. 14i , p . 474 . 

ifllfdt mnl 4 U/ . . 

..... .. Xiquia 3teei ls br0U(?ht on carris? . e J: 

under press rest C. Compressing loaa is 15 atm. Heavy inpota 
' 53 and 133 tons) ,ere corapresse? for 2-3 hours. The reduction 
in height reached 11*. Pi r . 150, p.474 shows the longitudinal 
cross-section of compressed steel end the shrinkage cevity. 
According to the authors this method may produce excellent 
results in those castings the central portion of which has to 
be drilled out. 
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Fig . 1 53 p.47c shows the compression oi liquid steel 
by /res* This method was iound to be unsatiafac tory . 

In fig. 157, p.479 is presented the method developed by 
7 .V .Lermontof f • Mold with liquid steel is jolted by means 
of a lever ( 5-6 times per min., drop 10-13 mm) during cooling. 
This method proved to be satisfactory. The vertical cross 
section of a steel ingot produced by this method indicates the 
absence of /ras cavities. 


Dif ierent 


methods of heatin^ the top part of in/rot to 


heep it hot durinsr feeding are also discussed. 


?ABT IS - ThMPhH/iTUHi: A I ID SPUD n F THh CASTIIiO PBOChDURK, pp 490-495 
Tapping temperature of steel, alloy steel in particular, 
should be 130-13C? C above the Liquidus . Temperature measurements 
should be made with Pt/Pt.Kh thermocouple. Holding time oi 
steel in the ladle should be 5 - 15 min. The pouring rate 
shouldn't be higher than 3.5 tons per min. 

Pouring time V3, Ingot's weight relation is presented diagremme ti- 
celly in fig. 163, p.4^4. The ingot's weight is plotted as 
abscissa and pouring time as ordinate. 

PART 20 - CRYSTALLISATION OF Sihl.L FOURTH IUTO KOLD, pp.4 c J6-53 7 

, V-o 

The liquid state was cons id err das ana logo us^th e gaseous 
state, characterised by Ihe lerrr, "a molecular chaos” 

Some recent invest, i *&tQ26 remark that although the molecules 
^atomsjin the liquid, as we have in the <res, are all the time 
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in motion, the intermoleculsr distances in a liquid remain constant. 

A hypothesis was advanced by aorre that in the liquid metal, 
oorticulsrly at temperatures close to the l'quidas, are present 
very fine croups of nicropertieles ; the structure of which is 
similar to .that oi the solid metal. The authors state, however, 
that thefe are not enough data es yet to draw any definite conclusion. 
Different factors which affect crystallization of steel are discussed. 
These factors are: temperature of 'mold end liquid steel, wall 
thickness oi mold, the rate of pouring end motion of liquid metal 
in the mold;, material end specific -oat of the mold, chemical 
composition of metal, reees and mass efleet of cast ingot. 

Tscernoffs sketches .'f dendrites (fig. 166 and 167, p.505) and 
maerostructure (fir. 166, p.oGv) showing three zones of crystallization 
are presented. /, portion oi the iron-cerbon constitutional diagram 
sho-in- three zones of crystal 1 i zn t ion is given in fig.173, p.5k6. 

Ij. Zone of primary crystallization:. JL - -one of granulation, and 
lit. - Zone of secondary crystallization. 



PAST M - TTnOT’w nv :< 1 ;,r r , (nnlet) S TK hI, . op . 586-546 

A schematic d rawin' of crystalline structure of a steel 


in'’’ 0 ! is presentee in ii». 17 6. n.oi{6. An attempt was made by 

Trout in to establish a relation between the pi pe , cavity's formation 
in a steel inrot and the res saturation in the metal. 


turetion in the metal. .Specific 


gravities o: steel arc res solubility valu-s (et 1 atm. pressure) 
in iron ior different temperatures are shown in fig.’s 177 and 


i 
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176, p.5.*5ij, respectively. It is to be noticed trr t within the 

solidification interval these is a pronounced decrease ol - t es 

solubility and an increase oi a pec if ic rrevity. 

The pipe cavity: is tilled up with rases, mostly hydrogen. 

The pea pressure developed may be as hiyh as 3 atm# 

The chemical analysis of those p;aae was found to be: H ^ 

/. 5 %Co ; /. 2 ^ LH* } />■#*/* c &z. ) '• S % ; /, 5% /i/j. . 

dome investigators claim that KCIJ nay also be present. 

According to V.^.Ta^ueev, the time oi complete solidification 
of a cast inrot may be calculated as lolJows: 

t ;< =■ o . / / 2. n 2 - 

A where 

*"/< is time oi complete solidification in minutes and 
?i - radius in cm. (for auusre and polyhedral lnrota, radius of 
inscribed circumference ) . 

PART £2 - rn i PT’3 SVRUCTIJRl: Or V,IU) rjThl; l, pp 650 - 066 . 

Inrot's structures oi wild steel arc illustrated in fir.lQo, 
p.ooii. The structure is not uuiiorm. 

According to I) .Tchernof 1 (1676) the largest portion oi 
groses are evolved at the very b er inniny oi sol id il ica tion of 
steel end they consist moe t ly of CO whereas according to Muller (1879) 
the main factor responsible lor blow holes is hydrogen. 

The scheme 01 blowhole formation, as described by Tchernoff in 
1676, is illustrated in fir. 166, p.554, Accordinr to him, the form 


is 
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of a blowhole may change in accordance with the relative rates 

of the blow hole 's t oimmtion and steel crya tallize ti on . 

i i 

This is illustrated in fig. 187, p.555, 

I i 

; j; ' • 

i : ■ ■ • 

PAST 33 - SEGH1JGARI0N IK STKBL INOOTS, pp 567 - 605 

An example of chemical heterogeneity is presented in 
table 108 p*5?3. This table is a summary of the chemical 

analysis results of 17 inrots, each weirhin^ 1.8 tons and cast of 

j \ 

a killed steel into similar molds. The samples were taken from 
6 diffjrent spots of each inroc (see fig. 195, p.574). 

Segregations of j y' A types ere discussed and illustrated 

in fig. 196, p.o|74 and fir. 197, p.575. Fir. 196 shows macrostruc tur e 
(deep etching) of e heavy ingot and fig. 197 - sulphur prints 
of a 3 tons ingot. Fig. 198, p.57o illus tratej mecrostruc ture of 

an inrot weighing 38 tons ana cast into a sand mold. Sulphur 

i ■ ■ 

prints of 0 wild; steel ingot are shown in fig. 300, p.5e7. 

Siffcjront lectors affecting segregation are considered. 

I ■ 

PAKT 34 - GASES IV STEEL, PP 606-65 3 

Oases can diffuse only in the atomic state. The rate of ras 
diffusion increases with an increase 01 it's partial pressure. 

The solubility of j atomic gas in the metal V8 . temperature is 

^ ikf where S - solubi- 

lity of ros in metax; C - constent; L - heat of solution, or 
heat of formation lof a chemical compound; }C - Bolsman’s constant; 

T - absolute temperature. 


L 
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^ comprehensive study of I'sses evolved during cryatalli z a tion 
oi steel ingot was made by I . I .3oubbotin . The data obtained are 
presented in table 120. p.630. In the first column of this table 
are given samples* numbers, in the second-minutes, in the 3rd to 
?th columns - percents of G z ; GO > H C O ^ /SJ ^ , 


_PfHT 2b - IJOU-lthTAbbT C IH0U13I0ES IK STKLL. pp, 654 - G7n. 

bndogenous and exogenous types of inclusions are described. 
Ternary diagrams of different oxides systems are presented in 
fig * s 227, p.657 to 231, p.661 inclusive. 


tART - DUALITY COKTROL OF 3Ti:>.L 

PHO PJvRTY OF 

This pert io oT no per Lieu la i* 
metallurgists 


I H2£l aj:dE;aluatiqi; of 

, pp t 677-6 83 
Interest to American 


PAST 


— ■* X - T : HI TKi. OPKIUrThAHTH FO VP DRY , pp.6 84-6*5 


Ditto . 


PARTHB - CALCULATION OP KaTLHIaL AlfD T 


■ILhllAl BALAleC 1.6 III TN 


OPhJi -H L AL Tri PHOChSS. pp, 6*6- 7 5B 
Ditto . 
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. BIBLI OSHAPjjy, ijd. 76b-7u3 

There ere 1*5 references, 64 of which are foreign 
publications. Unfortunately;, titles ol foreign publications 
are written in Bussian letters. 


Heviewer 1 s remarks 

So^e paragraphs ol the; book are too sketchy and not clear 
enough, whereas other are unduly lengthy and contain too many 
unnecessary details, theoretical discussions and repetitions, 
in general, the material presented in this text book is fairly 
well known to American ;.>Ullurmiste. r evertheless some parts 

01 ^ b00il ael * C ‘ ted ^ reviewer would probably be ol some 
interest. it is very significant that, evidently for political 
reasons, in their discussion on crystsl 1 i R *ti on oi steel no 
mention was made by the authors of the work oi Colonel N.T.SelaiJ, 
the ablest pupil 01 prof. Tchernoif. m reierin* to ^ ia work 
o&uveur ".The metallography rod Heat Treatment oi iron and 3te.1V 
Albert Suuveur , second x.dltion .bit,. p.aOb ,) stated that "we are 
indebted to Colonel Beloiew more tna.n to any one else for our 
knowledge oi th- crystt 1 li 7 .* ti on or steel". 




I 
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_BIELI 00HAPHT. ppI. VoV-763 

There ere 1*5 references. 54 of which are foreign 
publications. Unfortunetely, titles oi foreign putlicati 
are written in Russian letters. 


ions 


Reviewer * a remarks? 

Seme pa. graphs oi the bool are too sketchy and not clear 
enough, whereas other are unduly lengthy and contain too many 
unnecessary deiaiijs. theoretical discussions and repetitions. 

In P-eneral, the mejteriai presented in this tert book is fairly 
known to American .Metallurgists. .nevertheless some parts 
of ,ne bool selected by the reviewer would probably be oi some 
interest. it is very significant that, evidently for political 
reasons, in their discussion on crystallisation oi steel no 
mention was made by the authors of the work oi Colonel N.T.Seleiew, 
the ablest pupil of prof. ?c hern oil. In relerin- to *£ is won 
otuv eur ( ".Tne Meta biography and Heat Treatment of iron and jteel", 
Albert Suuveur , oeco.ud i.diuoi, 1*1». pnGd) stated that "we are 

ineftb tftd t. fliil nhAli ;ui «... 

' | 10 *n y one else for our 

Inowledge oi :k- crystallisation of steel". 
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IKON ALLOYS - Vnl T 

mon-Chroaiiuj>-All ujr.lnuin Alloys by I. I. Kornilov of the Institute of 
General and Inorganic Chemistry, Laboratory of the Iron Alloys, tubliahed 
by Academy of Science, Moscow 1945. 

Part 1 of this book consists of the general theory of equilibrium 
diagrams . 

Part 2 is a discussion of binary equilibrium diagrams of Fe-Cr r Fe-al, 
and Cr-Al. 

Part 3 is a discussion of the teruary equilibrium diagram of Fe-Cr-Al. 
Part 4 is a microscopic study of the various phases that appear in 
the Fe-Cr-Al teruary diagram in the annealed and heat treated conditions. 

Part 5 is a discussion of the physical properties of the teruary 
solid solution. 

The electrical resistance of annealed Fe-Cr, Fe-Al and Cr-Al binary 
alloys were found to vary as follows: 

(1) In Fe-Cr alloys, it was found that as the Cr in Fe increased 
the electrical resistance increased. The percentage of Cr varied from 

A .1 . » f A<- 

\J \AJ U,J • 

(2) The Fe-Al alloys showed that as the A1 increased in the Fe, 
the electrical resistance increased up to about 23.6% Al; then the resistance 
dropped and again began to rise; but it did not increase to the extent 
reached with 23. Al. The maximum A1 recorded is 38. 9$. 

(3) The Cr-Al alloys showed that as the Al increased in the Cr 
the resistance increased and reached a maximum at 14.08% Al and then dropped. 
The resistance again be car, to rise and this uas follow! by another drop. 

The maximum Al recorded was 21.65%. 




L 
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In each case the pure metals showed the lowest resistance. Results 
show that either A1 or Cr or both when added to Fe increases the electrical 
resistance 

The results of the heat treated samples were aimilar to the nnnealed ones 

The same general results were obtained in thermal expansion, namely, 
the greater the amounts of addition elements added to iron, the greater 
the thermal expansion between 0 and 1G00°C. 

The parameter's values A for + he binary Fe Cr and Fe A1 alloys are taken 
from the foreign literature (Preston; A. J. Bradley and A. Jay) data. The 
parameter's values for ternary Fe-Cr-Al alloys are V. G. Kbusnetsoff *s 
unpublished data. The first column of the table shows atomic percents, the 
3rd, 5th, 7th and 9th ~ weight percent. Within the l imi ts of ternary solid 
solution ctj a trend in parameter change is similar to that of binary Fe-Al 
alloys. It may be supposed, therefore, that in the Fe-Cr-Al system, in 
alloys adjacent to Fe-Al side there is also a formation of the super- 
structure of the type of Fe^ A1 and Fe A1 compounds. Steinberg's magnetometer 
was employed for the study of the magnetic properties of the ternary solid 
solution. The Curie points were determined when heating speciments in the 
magnetometer . The intensity of the magnetic force was measured by means of 
a galvanometer. The ternary alloys, whose magnetic properties were studied 
by the author, included alloys containing up to IOC# of cliromium and up 
to 25% aluminum. The change in magnetic properties with temperature of 
some alloys ig shown. The compositions of these alloys are indicated 
on the curves as Cr %/Al£ ratios. 

Fart 6 is a discussion of the mechanical properties of the Fe-Cr-Al 
teruary solid solutions. 









- 2 - 
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Here like in the electrical resistance and thermal expansion results, 

■the hardness increases as the amounts of A1 and Cr are increased in the iron. 

Tensile strengths and percent elongations are shown below. 

Cr 

'C a.¥-i «7wC/> Vj, 

La I wiH be noted that the 

^ k roax i m u m tensile strength was 

•{» 5 obtained from the Fe alloy 

s/o-'H’fi Cr- 

■ „ — A !*. jo 

v a- V b r /c ,*.-*•/« /9 At4sr>/*/U/h 
Taere was no change in the impact toughness of iron with the addition of 

chromium up to 15-16? . As the chromium is increased above 16? thsre is 

an abrupt decrease in the impact properties. An abrupt decrease in impact 

properties also occurs with more than l& aluminum. 



It wiH be noted that the 
max’ 

** * containing 30% Cr andTu^Al. 
<l£> $ 


Part 7 shows the results of oxidazation tests due to heat. 

The results of these tests showed that with the increase of Cr up 
to 17%, the oxidization decreased, and above this amount the effect 
of Cr was less than the effect of Al. With 10% A1 the good results were 
obtained. However, the Cr added materially to the oxidization resistance of 
the alloy. With 65% Cr and 10% Al the best results were obtained. The 
tests were run at temperatures up to 1400°C4 and for 120 hours. 

Fart 6 shows the influence of a fourth component on the properties 
of the ternary solid solution. 


The heat resistance of the Fe-Cr-Al alloy decreases with the increase 
in carbon content. The presence of titanium within the limits of its 
solubility in the solid solution has a beneficial effect on the heat 
resistance . 
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Part 9 gives the production technology of Cr-Al stuls. 

The author refers to W. Hessenbruch 1 s work (ifetalle and Legierungen fur 
holes Temperaturen , Springer, Berlin, 1940). 

Fart 10 gives the methods used to obtain carbon free Fe -Cr-Al alloys. 

Part 11 gives the technology of production of heat resisting Fe- 
Cr-Al alloys • 

The raw materials employed for the preparation of these alloys were: 

1. Armco Iron 2. Chromium— aluminum hardeners and ferro-chromiimi— aluminum 
hardeners. 3- Ferro-alu m inum (up to 54.5% Al). 4. Aluminum powder. 

Slag used corresponded to the ternary eutectic whose melting point is 
1345°C. 

1-felting was carried out in high frequency induction furnaces of 
laboratory or production types. 

Method 1 — ArnUlo iron is charged and melted under a layer of slag 
and all necessary additions are then made. Method 2 - Armoo iron and 
pieces of hardener are melted under slag and the remaining portion of 
charge is added. The effect of vanadium, molybdenum, zirconium, niobium 
(columbium) and titanium on crystallization of ingots was studied. 

Those elements were added in the form of their ferro-alloys 3 minutes 
before pouring. The metal was poured at 1550°-1560°C. Cast ingots were 
longitudinally sliced in halves and their macro structure 3 were examined. 

It is shown that high additions of Molybdenum, zirconium and niobium 
(a, 0.49$ Mo; b, 0.47% Zr and V, 0.46% lib) failed to produce a significant 
effect on the primary structure of ternary solid solution The 

somewhat hotter results were obtained with 0.3$ and 0.5% additions of 
vanadium. The most beneficial effect on the refinement of the primary 




L_ L. 
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structure of ternary solid solution ^ obtained with additions cf 
titanium. The ingots free from titanium show a large zone of trans- 
crystallization and concentric cracks, whereas those containing 0.4% 

Ti possess a fine crystalline structure. 

Ternary alloys, containing 30% and up Cr , located within zone 
0 (^ 2 + 5 phases, cannot be cold drawn. The alloy3 situated within 
a zone of ternary solid solution °<L 3 containing chromium up to 27-28% 
and al umin um rp to 6-7% can be dravm. The absence of carbon and a reduced 
content of silicon makB the structure of alloys homogeneous and permit an 
increase in the limit of the aluminum content. The same factors permitted 
the production of wire of 0.03 — 0.04. mm. diam. 

Part 12 gives the fundamental properties of the alloys. 

The following four ternary alloys are considered here: iron-chromiua- 
aluminum alloy No.l, 16% - 18% Cr and 4.5 - 6.5% Al; alloy No.2, 23% - 27% 

C; and 4.5% - 7% Al; alloy No. 3, 40% 45% Cr and 7.5% - 12% Al; alloy No. 4 

65% - 68% Cr and 7.5% - 12.5% Al. All these alloys are located in the zone 
of ternary solid solution. Accordingly they possess a homogeneous ferritic 
structure , 

Part 13 gives appxicauaou ui xo— - - 
Plants are now producing from No.l and No.2 alloy s hot rolled 
ribbons 2 ^ 5 , 3, 3.5 and 4 mm. thick and wires of 5.5, 6, 7 and 8 mm thickness 
The cold drawn wires may be obtained as thin as 0.03 - 0.04 nro* 
in diam. Cold drawn ribbons of different thickness (up to 0.2mm) are 
produced. Electrical loadings permissible with No.l and No.2 alloys 
are as follows: at temperatures up to 800°C permissible load is 1.6 
to l.S watt/cm 2 ; at 1000°C,; 1.3 - 1.4 watt/cm 2 ; and' at temperatures 

H00°C and higher 0.8 - 1.0 watt/cm 2 . The permissible loads ore increasing 

- 5 - 
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with an increase of heat resistance of alloys. Thus, for alloy No. 2 
they are higher than for alloy No.l, for alloy No. 3 they are higher 
than with alloy No. 2 and for alloy No. 4 - higher than for alloy No. 3. 

BIBLIOGRAPHY pp. 185-189 — There are 210 references of which 70 refer 
to Russian authors. 

Reviewer *s remarks 

This book should be of interest to American reader^., particularly to 
those thoroughly familiar with the subject. 

The book contains 51 tables and 154 figures. A great majority 
of them would require a lengthy description which is impossible to mice 
in a short abstract. It is suggested, therefore, that the reader consults 
the text as indicated in the present review. 

It is considered that magnification of some photomicrographs is not 
adequate; it is not high enough for a correct interpretation of the 
structures discussed. 
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V. b. Poubovoi, 'IJSLAKES IN STEEL" (Flokeni v Stall) 

Government Scientific -Technical Publishing House of Ferrous and 
Non-Ferrous Metallurgy, Moscc- r * 1950* 

3ook 332 pages, divided into 7 P&f ~ - 

PART I - CRITICAL ANAI* v **I.j OP DIF FERENT THEORIES 

pp 12-36 

Various theories "~_.~e.ming the origin of internal fissure (flakes) 
which occur steel are reviewed* The gas bubbles, shrin kag e cavities, 
high carbon, phosphorus or nitride segregations, non -metallic inclusions | 

internal stresses, or hydrogen, are thought to be, by different authors, 

. 

the principal cause of this phenomenon. All these theories are divided ] 
by the author into nine categories and the arguments for and against these 
theories are discussed. The author believes that none of the existing 
theories explain satisfactorily the origin of flakes. The moot plausible 
explanation is the hydrogen, theory . However, hydrogen does not seem to 
be the only factor promoting flakes . None of the existing theories can 
explain the fact that no flakes were observed in certain types of steel. 

PART 2. EFFECT OF HYDROGEN ON FLAKE FORMATION 
— pp 37-91 

Chapter’ 1 - Flake -sensitivity of steel. It has been established that 

. 

flakes occur mostly in nickel, chromium, nickel -chromium, clir oroium- -nickel - 
molybdenum, and some other alloy steels, i.c*, steels of martensite and 
pearlitic types . 

The "Electro steel" plant made extensive investigations . According 

to the author* s observations, the alloy martensitic steels are more prone 

to flailing thru the alloys pearlitic steels. In both cases the tendency, 

» | 
co produce flakes increases with the increase in the carbon content. Th:e 
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steels listed that have the greatest tendency to flake arc chromium- 
nickel, chromium -nickel -molybdenum,, -tungsten, and chromium -nickel - 

vanadium, in the high, medium/ and low carbon types. The steels that 

i f 

flakes seldom occur are relatively the same except no tungsten is included 

and the carbon content varies between medium and low carbon types. The 
steels where no flake s were observed consists of the high speed tools 
steels and chromium type of stainless ; steels . j 

CKfrPTHR 2. ircmJEKCS QF HYDROGEN ON THE PLAICE -SENSIVTTY 

OF ALLOY STEELS, pp 37-90 [ 

18 heats of nickel -chromium-molybdenum steels and 2 chromium 

: . 'i 

steels were made in different plants using the basic arc end high frequency 

; i 

induction electric furnaces. The molten bath was treated with different 
amounts of hydrogen which was introduced into the melt by blowing it 
through the molten metal or by blowing steam into +he furnace atmosphere. ■ 
Temperatures were measured with Ft/PtRh thermocouples. Chemical analysis 1 
were determined on samples of molten metal taken before pouring into the 
ladle. Steel ingots were hot forged or rolled and nit, into sections. 

These sections (samples) were then cooled at different cooling rale. 

Some samples were cooled in slag cotton (wool), whilst others were air- 

: • i 

cooled or cooled in worm water. (The results of these tests are given 

i 

in Table 6). The alloy steels containing 0.00048 to 0.00063^> hydrogen i 
and cooled at 3 different cooling rates didn’t show any flakes, 'uhereas 
alloy steels containing higher amounts of hydrogen and cooled in air or I 
v/arm water flaked. !To flakes were observed in any steels cooled in slag 
cotton (wool). However, the author states, these results do not entirely 
prove that hydrogen is the sole factor responsible for flake formation 
in steel . The strut: Lurai transformations toiling place during air or \/ater 
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cooling of steel samples produce stresses which In torn may he responsible 
for flake formation. 

CHAPTER 3- EFFECT OF HYDROGEN ON THE FLAKE -SENSXVITY 
OF PLAIN CARBON STEE L pp 91 -152 

There were five plain carbon steels investigated. The carbon content 
of these steels varied between 0.^7$ and 1.01$. Each melt was treated 
with hydrogen. During the first period! of melting a tiny stream of water 
was run into the furnace and then (period of refining) hydrogen was blown 
through the melt. ■(ResultV^of' gas analysis and temperatures of the molten 
metal, as measured by Pt/PtRh thermocouple at the time of taking samples, 
are given in Table II . The temperatures are shown in the last column, while 
in the preceding column are given V percents (weight) of the total 
hydrogen content in the molten metal^) The ingots from these melts v:ere 
hot forged or rolled and sectioned into ! samples . Different rates of 
cooling of these camples v/ere used, the samples being cooled in slag cotton 
(wool), in air, or warm water. The samples cooled in slag cot con (wool) 
were free from flakes, whereas all samples cooled in air and warm water 
exhibited flakes. Most flakes were observed in the water cooled 3 ample s . 

The number of flakes increased with an increase in the carbon content . 

The flake length of air and water-cooled steels were 0.6 to 2.1 ram., the 
maximum length being 8.3 ram. The flake length in the air-cooled samples 
increased with an increase in carbon. The following conclusions were drawn 
by the author from the above experiments : 1. The low manganese (£ 0.^0$) 

and low silicon 0.32$) steels may show flakes. 2. The hydrogen is 

the factor responsible for flake formation. 3 » By regulating the rate of 
cooling it is possible to produce steel free from flakes . It may be 
assumed tlml during slow cooling a portion of hydrogen is removed, the 
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rernaining portion being too Small to promote flake formation. The size 
and arrangement of flakes in| the water cooled samples were quite different from 
those cooled in air. This phenomenon cannot be explained only by the 
hydrogen theory. Evidently ye are here dealing with some other factor 
besides hydrogen. According j to the author, this factor results from the 
internal stresses produced by different cooling rates of the inner and 
outer zones of the sample and subsequent ununiformity in structure. The 
arrangement of quenching craJks and flakes on the cross-sections of samples 
indicated that maximum stressjes were located in radial directions. 

PAgT_ 3, THE MOMENT AT WHICH FT-AKBS ARE FORMED pp 9 O-I 52 
The hypotheses advanced on this subject by various Russian and 
foreign investigators are reviewed. In order to establish the exact time 
at which flakes are formed stjel ingots of nine heats were investigated 
by the author. All these heats were treated with hydrogen by blowing it 
through the melt. The ingots jwere forged into square bars having sides 
of 85 to 90 mm. and sectioned jinto samples 250 mm. long. At the end of 

the forging operation the temperature of the forged bars were 1000 ° - 1020 °C . 

1st series of Tests: VnJ — mi- *>-- . . . . 

*-j -o intncx-uuroimuia-iaoiybdeniun 

steel some of the samples werej placed vertically on the sand floor while 

other samples were put on the metal floor. The minimum distance between 

samples was 1 meter. They weri cooled to a temperature of 30°C in this 

position. The average cooling; irate for the interval 900° to 30°C was 2°C 

per minute for the first group | and h°C per min. for the second. These 

samples then were subjected to 'aging at room temperature for different 

periods - 0,1,4,3,12,16,24,48,72,96 and 360 hours; for the second group of 


Approved For Release 2001/07/31 j: CIA-RDP80-00809A0005001 70204-4 


Approved For Release 2001/07/31 : CIA-RDP80-00809A0005001 70204-4 


r 


-5 


the maximum length of the aging time was 720 hours. The aged samples were 
placed in the annealing furnace and held there at 6^0° C for 1 6 hours . 

After this operation the,/ were placed in slag cotton (wool) and cooled to 
150°C • .Afterwards, samples were put again into the furnace, and slowly 
heated to 860°C and held at this temperature for 4 hours . i Again they were 
cooled in the slag cotton to 150°C, then tempered at 6^0°C for 1 6 hours 
and finally cooled to room temperature . 

2nd series of tests : Some specimens of this series were air cooled 
to 300° * 200°, and 100°C , placed into slag cotton and cooled to 30°C . Next, 
they were tempered at 65 0°C for 1 6 hours and slag -cotton cooled. Other 
specimens were cooled in boiling water and then in cool water (30°C) . One 
half of these samples were heated at 650°C for 1 6 hours and cotton-cooled 
to 30 °C . The others were aged at room temperature for 360 hours and 
tempered at 650°C. In addition to the foregoing experiments, one sample 
from each heat was cooled after forging in slag -cotton to 30°C, the cooling 
rates being 15° - l 6 °C per hour in the interval 750° - 450°C and 5° - 8 °C 
per hour in the interval 4^0° - 150°C. The cooled samples were aged for 

} 0.0 x UJ XU uoiuu tuxu. -couon COO-Lea . 


3 rd series of test s: The specimens from the first grpup of heats 
after forging were air cooled to 300°, 200°, and 100°C and; specimens from 
one of tne second group of heats were air cooled to 200 °, 150 ° and lO 0 °C . 
They were then aged at those temperatures for 1, 4, 3, 12, 16, 20, and 24 
hours. One sample of each of the above groups was air cooled to 30°C and 
aged at room temperature for 360 hours . The second sample j taken from the 
above groups was heated at 650 °C for 1 6 hours, slag -cot ton cooled for l 6 
hours and aged at room temperature for 36 c hours. In summarizing the 
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results of these tests , the following conclusions were drawn by the 
author: 1* The moment of flake -formation depends upon the chemical 
analysis, rate of cooling and degree of flake sensitivity of the steel. 
With an increase of nickel , manganese, chromium and probably some other 
alloying elements, the flake -sensitivity increases. At the same time the 
flake formation moment occurs at lower temperatures. An increase in the 
carbon content also increases flake -sensitivity of steel, but the moment 
of flake formation is shifted towards higher temperatures . As the cooling 
rate increases, the flake -sensitivity of the steel increases and the 
flake -formation moment is shifted towards lower temperatures. 2. In 
chromium -nickel -molybdenum steel no flakes are formed at 150°C and higher 
temperatures and in chromium steels at temperature of 250°C and higher. 

3. Depending upon the cooling rate of steel after hot working, flakes may 
be not formed at all, or may be formed during cooling or aging at room 
temperature . b. The flake formation proceeds gradually. At first fine 
flakes make their appearance. With further cooling the flakes increase 
in size and number. Flake formation may last for very many hours, 
particularly in me high alloy steels, possessing high plastic properties. 

PART b - PREVENTING OF FLAKES FORMATION BY HEAT -TREATMENT 

EP 153-253) 

Some investigators came to the conclusion that holding at temperatures 
above AC, has no effect on the flake -sensitivity of steel. The author 
does not agree with this and states that his experiments demonstrated 
that an immunity to flake -sensitivity my be obtained by an isothermal 
holding of the forged steel for a definite period of time depending upon 
the chemical composition and temperature. It has been established by the 
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author that isothermal holding has an effect on preventing the flake 

I ! 

formation in the chromium -nickel -molybdenum steel vithin the temperature 
interval 150° to 1150°C and in the chromium steel vithin 250° to 1000°C . 

It may be pointed out that the grains of chromium -nickel -molybdenum and 
chromium steels become very large at temperatures of 1150 C and 1000 C 
respectively. We also know that with an increase in grain size ttje plastic 
properties of steel are lowered and the flake -sensitivity , therefore , 
increases . 

Of all the gases known which can dissolve in the ferrous alloys, 
hydrogen possesses the highest rate of diffusion. It is different for 
different structural phases of steel and is increasing with a temperature 
increase. It is known that in the case of alpha iron, hydrogen evolutions 
take place at high as well as at low temperatures, 200°, 100°, and even 

room temperature . .However, at low temperatures this process pror^ds 

! 1 

slowly. There is Practically no hydrogen evolution at lovr temperatures 

from gamma Iron. 

With a decrease in the hydrogen concentration in steel, the internal 
stresses become lower and the plastic properties higher. This, the 
author states, explains why the isothermic treatments (above and below AC), 
may prevent flake formation in steel. 

PART 5 - EFFECT OF HYDROGEN ON MECHANICAL PROPERTIES OF STEEL 
— - — pp 25^-270 

With an increase in hydrogen the ultimate strength, impact toughness 

and particularly elongation and compression of steel decrease, whereas 

i . i 

the proportional limit and yield point are raised. For certain hydrogen 

content, (different for different types of steel) the break occurs without 
r i 

any elongation and! formation of a neck. This phenomenon indicates a 
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complete loss of the plastic properties of steel. 

PART 6 - NATURE OF FLAKES pp 271-293 

It is well known that flakes quite often appear as sizeable areas 
silvery brightness on the fracture of alloy steels. The fractures of 
samples of flaky steels are illustrated on figures 83 to 87 (pp 271 - 275 ). 

On the basis of his observations , the author comes to conclusion 
that flakes are hair cracks . 

Many investigations were conducted during the last scleral years on 
the weldability of flakes. The results obtained were discussed at length 
by a special committee of the Eastern Metallurgists. It was decided that 
flakes may be completely welded by hot roiling, but that the reductions 
used must vary according to the flakes arrangement and type of steel. One 
should remember , however, that welded flakes may appear again. Therefore, 
many plants remain suspicious on this matter. 


PART 7 ~ FACTORS INFLUENCING THE DEVELOPMENT OF FLAKES ARP MECHANISM OF 

THEIR FORMATION pp 29^ -327 

Different factors which may promote flake development are considered. 
These factors are: non -metallic inclusions, mechanical stresses, thermal 
stresses, structural stresses^ and hydrogen . The author believes that hydro- 
gen and structural stresses are the two principal factors responsible for 
flake formation . 

Bibliography (pp. 328-331; There are 72 items of which 40 refer to 
Russian publications. 


Reviewer's remarks : This book is difficult to read on account of an 
excessive number of details which are not well coordinated. The arguments 
against the hydrogen theory (that nycirogcn is the only factor i‘es uo risible for 
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the presence of* flakes) are somewhat conflicting and not entirely convincin 
However, some data presented by the author and described in this review 
should be of interest to American readers. 
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